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Lol Glgl THIEU

May tinh c6 v tri quan trong trong cugc song,phép céng (adding) 1a phép toan
thurong gap trong cac cong viéc hang ngay ciing nhue trong cac bai toan kj thudt,
kinh té nham dé tinh toan mgt cach nhanh chong .Viéc hiéu biét théng cac két cau hé
thong may tinh Ia quan trong,nghia 1a nam viing két cau vé mat phan cing, té chirc
thlet ke mach (cac mach dién bén trong hé thong may). Piéu nay dan dén mét yéu
cau: can c6 meét ngon ngé lap trinh co he thong dap g yéu cau nay thong qua may
tinh. Hién @ c6 rat nhiéu phan mém ng dung trén linh viec nay, tuy nhién phan lén
khong c6 tinh mém déo, linh hogt, Idp trinh chu déng trong thiét ké.

Mgt ngdn ngi da duwoc ung dung va dang duoc phat trien manh dwoc gidi thiéu ¢
day: Ngon ngiz VHDL cung vai phan mém i#ng dung Leonardo va Max+plus I1.

Em tién hanh nghién cizu cac chirc nang cua ngon ng# VHDL cach si dung phan
mém Leonardo va Max+plus Il dé viet chuong trinh thiét ke mach cong 2 so BCD
song song

Em xin tran trong cam on Thay Nguyén Quéc Tuén va céc thay ¢d trong Khoa
Cong Nghé Thong Tin Truong Pai Hoc Ky Thudt da rat tdn tinh huong dan va
gilp do em trong thot gian lam lugn van .
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CACH Sir DuNG PHAN MéM

LEONARDO VA MAX+PLUS 11

A. CACH Sir DuNG LEONARDO.

1. Loi mé dau:
Exemplar logic’s Leonardo cbng cu tong hop tdi uu va phan tich mach Ioglc mot cach linh hoat
va ¢ tinh tac dong 1an nhau , da phat trién dé cho phép st dung cac thiét ké cong nghé doc lap :
ASIC,FPGA va CPLD. Ngudi thiét ké cd thé cing c6 nhirng thiét ké da 1am sang mot thiét ké
khéc , bao quan va van dung thir bac thiét ké ,sir dung ngdn ngit mé ta phan cang (VHDL) dé thé
hién thiét ké caa ching .
Bo sach hudng dan sir dung leonardo bao gom :
Leonardo User Guide giéi thiéu cach ding Leonardo va nhitng dong thiét ké cé sin cua né.
Leonardo command Reference qui dinh chi tiét vé cach sir dung Iénh va bién.
Leonardo synthesis and Technology Guide qui dinh chi tiét vé cach t6 hop va tdi uu va
ciing qui dinh cho chling ta nhitng thong tin dé cai dat cong cu trong cdng nghé .
Leonardo User Guide cd 8 thanh phan :
Phan 1 : Gigi thiéu
Phan 2 : Céch khai dong Leonardo ( ¢6 4 ché @6 1am viéc va 2 ché @6 thuc thi)
Phan 3 : Gigi thiéu vé Flow Guide gilp ban khoi dong thiét lap dong thiét ké.
Phan 4 : Giao dién d6 hoa (GUI) cua Leonardo
Phan 5 : Vai diém dic biét trong giao dién dong Iénh ( command line)
Phan 6 : Van tat nhitng 1énh trong Leonardo, cac budc can thiét ké dé xay dung dong thiét ké .
Phan 7 : M6 ta cach ma Leonardo luu trit ditu lidu thiét ké.
Phan 8 : M0 ta cach xem qua thir bac cua thiét ké .
Leonardo la mot méi truong thiét ké co tinh tha bac ang huong 1an nhau bao gém cac téi uu rang
budc . Leonardo bao quan thir bac va cho phép chuyén déi qua lai hoic tao ra cac thir cap tha bac dé
t6i wu két qua , ta phai chi tiét hoa cho thong tin cho mdi cap thu bac . Leonardo c6 thé chay duoc &
ché d6 INTERACTIVE hoic cong cu BUTTON. Khi chay ché d6 INTERACTIVE chdng ta thuc
hién :
- Xem qua thur bac
- biu khién anh huéng dong thiét ké.
- Xem nhitng thong bao vé area va riéng & bat ky cip nao .
- Lap rang budc va téi uu & moi cap
- Xem mach va duong dan .
2. Khéi dong leonardo:

Hai ché hogt dgng :

a.Interactive : 2 giao dién.
- Giao dién truc tiép
- Giao dién dong Iénh .
*Batch (B0):
- Script mode.
- Galileo compatibility mode



Tét ca nhitng 1énh nhitng 1énh c6 thé chay tir Gui,dong Iénh & cira s6 chinh hoic tir hop thoai
(Dialogue).Hon nit n6 c6 thé chay qua lai tr Gui va dong Iénh hoic tir bang b (batch) dung Script
file.

* Ché d¢ Interactive:

-Graphical user interface : G0 vao leonardo

-G0 Leonardo — help dé xem dong Iénh :

+Né&u trong nén Unix hoic dos g3 :leonardo

+Néu trong nén window g& Star Leonardo

- Dong Iénh (Command line Interface) : G& Elsyn

Tur man hinh giao diéb trong Unix va Dos Shell ching ta g6 1énh : Elsyn

-G6 lénh Elsyn — Help dé xem option dong Iénh (Iénh ma khdng chay dwoc ¢ nén Unix
nhung chay dugc trong nén Windows , ching ta g Star elsyn ). Leonardo tao ra mot shell TCL qui
dinh tir ddu nhic , chdng ta cd thé nghién ctu trang thai thiét ké trang thai chuyén dbi nhu da mong
mudn va chay lai chi tiét cua thiét ké véi cach dung thiét 1ap khac dé xem nhiing két qua khéc co
thé thu dugc.

b. BATCH:
Script mode (user-defined flow):

GO0 : Elsyn - File [script-filr]
Leonardo s& chay Tcl Script — file va thoat . Kich ban (Script) sia dung bt ky lénh d4 duoc dinh
nghia day du trong Leonardo va khéng cé dinh nhu véi Galileo Compatibility. T4t ca cac lénh Tl
va lénh co thé tim thiy trong duong dan .

Dudi day la vi du vé File Script:

Load — Library X14

Read my_file.vhd

Optimize - targertX14-eff quick

Write my_ file.xnf

Galileo compatibility mode:

Chay mode Galileo Compatibility ¢ Leonardo trong mdi trueong Unix hoac Dos shell ta go

Elsyn Input_file Output_file argurments

Leonardo sau do6 thuc thi Tcl Galileo.scr

$ EXAMPLAR/data/galileo.scr

Mo ta nay lam theo thai do dong Iénh cua galileo gc
Vidu : elsyn my_file.vhd my_file.xnf —target X14 —effort quick

Lénh tdi vu thiét ké VHDL trong file .vhd cho cong nghé Xinlinx 4000, véi tbi wu nhanh , va ghi
két qua ra mang my_file.xnf.

3.Flow guide: ‘

La c6ng cu gilp chang ta c6 thé biét dong lénh trong thiét ké trong Leonardo. Ta c6 thé ding
ché do default hoic do trinh cai dat (customize), ca hai hudng nay doi hoi & mdi budc phai tuan tu
va quy dinh nhiing thong tin dé chay mdi lénh . Mdi buéc mdi hop thoai (Dialog Box) ching ta
phai chi rd 1énh chon .Ban than 1énh d4 dugc thé hién ¢ cita sé chinh Leonardo , noi ma output tur
lénh ciing dugc hién thi .

Chung ta c6 thé hoc hai cach dung : Dialog Box va dong lénh .

* Running the Flow guide :



Dé sir dung flowGuide , Click tuan tu trén mdi Button dé hién thi hop thoai ciia mi Ienh. Khi hop
thoai da duoc chon,1 mé ta van tat cia hop va cach sur dung cua nd duoc hién thi trong Flowguide .

Dé chay mdi Iénh ta dua vao nhitng thong tin yéu ciu va chon button cua hop thoai . Lénh va
output cua nd s& duogc hién thi trén cira sé chinh mot cach chinh xac nhu ching ta g6 vao do .
Khi hoan thanh mdi Iénh thi nhip button ké tiép theo mét trinh tu .
* Customize flowguide :

Hop thoai nay cho phép ching ta chon bat ky item nao cho thiét ké .Dé dé hieu hon vé mdi
item anh huong ra sau ta doi currsor qua item d6 dé hién mot bang help hinh cau véi thong tin vé
Flowguide s& duoc b sung néu item d6 duoc chon . Sau khi dugc chon tat ca item mong muén ,
nhan button Run flowguide dé hién Flow Guide cia minh . Néu khdng cé item nao thay déi ching ta
s& thay flowguide default.Dé lwvu Flow guide cua minh chon Save Setting Now tir Menu Option
(hoic chon Save Setting On Exit). Lan sau Flow guide s& 1a Default. Ching ta cd thé bat tit
Customize Flow Guide tir Change Preferrence .

4.Céch dung Gui:
* Cura s6 chinh Leonardo:
Cho chiing ta xir ly dong Iénh leonardo va Iénh Tcl khac ,ciing nhu vai 1énh cua hé théng nhu
cd,pwd... va lénh khac cd thé tim thiy trong duong dan .
+ Dung phim miii tén dé dung chay nhiing lénh trudc d6 .
+ GO va lénh :( sit dung dugc Cut va Copy,Paste)
+AW:X04 tir trude d6 ,Na vé dau dong .
+T4t ca lénh xay dung c ach dung hop 1énh duoc hién thi nhu la input,néu ching ta da g
chiing ( va ciing cai san trong tap 1énh ma chdng ta c6 thé cudn qua biang ban phim mii tén).
* File menu:
Danh s&ch céc option trong file menu nhu sau:
+Edit file : man hinh soan thao Leonardo
+ Run Script : ngudn kich ban Tcl (Ienh Tcl Source filename-filename dwoc ching ta chon) .
+Save stranscript:leu Transcript (toan bo van ban dwgc hién thi trong cira s6 chinh Leonardo
bao gom input va output ) - Lénh nay duoc ding ¢ bat ky thoi diém nao
va phai chi r6 tén file ma ching ta mudn luu . C6 han ché tdi da sé dong duoc hién thi
trong transcript (default=1000 dong)
+Clear transcript : X04 tat ca dong l1énh trong transcript
+EXxit : thoat khoi leonardo

* Command menu :

Mbi item trong :1/0,0Optimize,report va Hierachy hién thi ra hop ddi thoai cho phép ching ta
thiét 1ap cac thong s6 cua lénh va chay Iénh né .Lénh ma duoc xay dung trong hop thoai duogc thé
hién trong dong Iénh kém theo bat ky output tir lénh d6 .

+ 1/0 command menu:

Load library :nap thu vién cong nghé (Actel,Flex,..)

Read :doc céc file nguon (VHDL,verilog,...)

Load modgen :nap khéi phat sinh Modgen

Write :ghi file dich

+Optimize command menu:

+Report command menu:

+Hierachy command menu:

+Tool menu:

Tat ca cac option trong tool menu nhu sau:



Flowguide : hién thi Flowguide hozc customize flowguide
Design Browser: Hién thi Design Browser: Hién thi mach
Schematic viewer: hién thi mach.
Constraint editor: hién trinh soan thao rang budc cho phép ching ta cd thé lap céac thudc tinh
(rang budc) trén bat ky ddi twong nao trong thiét ké .

Convenience Procedures: hién thi hop thoai Convenience Procedures cho phép truy xuit 1 vai
tha tuc Tcl-noi da qui dinh dé taora nhitng cong viéc dé dang thuc hién .

+Option menu :

Cac md ta cuaa Option Menu nhu sau:

Change Preferrences: Cho phép ching ta cai cach dung GUI
Baloon Help :Néu duoc chon bang help hinh tron ,duoc hién thi bat ctr lic ndo tai vi tri
curror.
Toolbar :hién toolbar téng quat nhat .Co thé thay dbi vi tri cii toolbar trong “option
Change references”
Cha y phai luu céch thiét 1ap d6 néu chiing ta mudn cach dinh vi nay cho lan khoi dong
leonardo sau .
Save setting on exit: tat ca cac thiét lap khi thoét khoi Leonardo dugc luu lai trong lan sau.
Save setting now: luu céc thiét 1ap hién thoi véi filr cdu hinh leonardo.ini
+Help menu:
Cho phép chiing ta hién thi cac théng bao help cho tat ca :
- Lénh :(twong duong gb help command)
- Bién :(twong duong gd help-variables)
* Customizing the gui :
+ Change Preferences
Chtrc nang cua cac option trong hop thoai nhu sau:
- Show about box at starup : hién thj about box mailan khai dong gui
- Ask to save transcript
Before delete : nhic nhé ban luu céc transcript khi sé dong vuot qua sé dong qui dinh tdi da
trude khi tu dong xoé
Show customize flow
Guide screeen before flow guide:hién hop ddi thoai flowguide khi ban chon button flow guide cita
s6 chinh .
Toolbar Position:vi tri ngAm dinh cho céc toolbar
-Theo chiéu doc néu chon left hoic right.
- Theo chiéu ngang néu chon top hoic button. 7
Cha y :Néu toolbar d& dugc hién thi khi item da bi thay doi
.Max lines : ‘
Chi rd dong quy dinh téi da dwoc hién thi & ctra s6 chinh trudc khi xoé transcript .
Default =1000. Khi vuot qué gigi han ndy, ban duoc nhic dé luu lai transcript truée khi bi xo0a
10% cudi cung cua dong vurot qua, ban van ¢ thé thiy dwoc ¢ output gan nhat .
.Editor :sir dung khi chiing ta chon “edit file” tir file menu trong man hinh citasé chinh .
Window color :Cho biét mau nén cira s, c0 thé dua vao bat ky gia tri trong mdi van ban hoic &
dang thap luc phan . Ciing c6 thé cho gié tri tir Button Listbox, néu click ding bat ky Item nao trong
lic “Set Color Type “, man nén cua Listbox s& thay ddi , vi thé ching ta c6 thé thiy dugc mau nao
thich hop.
.Input Textcolor : Cho biét mau cua vin ban trén cira s6
.Prompt color : Cho biét mau cua théng béo 16i .Lap “set  color type”=error



.Set color type : cho biét gia tri mau dé thay doi khi chiing ta chon mot sy lya chon trong
listbox va khong lam thay doi mau nén hodc mau van ban.
*Bo sung file khai dgng :

Khi chon Option save setting now (hoac khi ching ta thoat khoi Gui vaéi Option Save
Setting On Exit tit ca c4c hién thoi duoc leu vao File Leonardo.ini trong thu muc khai dong
.Ching ta c6 thé cai dat file cuc bd nay bing cach thém vao bat ky Iénh Tcl nao ching ta can .Mot
vi du chung sé€ duoc thém vao hop thoai thu vién Load Library. File toan cuc
$EXAMPLAR/data/leonardo.ini luén ludn & goc khi khai dong . Néu ngau nhién xay ra mot tk/tcl
ma ngudn da dugc dinh vi trong thu muc $EXAMPLAR/data/leonardo.ini va ciing d& duoc bd sung

* Thém vao mg¢t thur vién :

Dung hop thoai load library.Hay soan thao file leonardo.ini trong thu muc khoi dong
(chon option /save setting now néu né khong hién dién truéc d6 ) va thém vao 1 dong lénh dudi
day vao phan trén:

Append glbvar_priv(techlist)

“mem nam “ library_name_modgen_library_nam “lib cype:11 11”.
5.Giao dién dong Iénh :

Phan ndy mo ta vé giao dién dong lénh  , nd cho phép :

*Thyc hién cac budc doc lap cua qué trinh téng hop .

*Poc cac thiét ké vao trong co so dir liéu leonardo .

*Viét du cac thiét ké .

*Nap céac cbng nghé va cac cong nghé tao ra mo dun.

*Ti wu hod cac thiét ké trong co so dir lisu cho cong nghé dit biét.

*Tao area va cac bao cao dinh thoi.

C4c lénh duoc nhap vao ¢ ddu nhic khi ¢ ché do twong tac hodc c¢é thé duogc luu trong file
va sau cung duoc dung nhu 1 kich ban .

Cha thich : Tat ca céc Iénh c6 thé duoc nhap vao tir cira sé chinh leonardo GUI ciing
gibng nhu dong l1énh elsyn(non GUI) va kich ban Tcl.

Lénh help:

C6 thé hién thi thdng tin vé cac dong lénh bing cach dung Iénh help .Lénh help dung bleu
thirc hop 18 (tén c6 c¢6 hodc khong co ky tu lién két) va in cach sir dung cho cac lénh ma sip xép
biéu thae hop 16.

Vi du :help pre* s& hién thi thong tin vé tat ca cac 1énh ma bat dau véi chudi pre

Bé sung lwa chen va Ignh tu déng :

Giao dién dong léng cua leonardo c6 su bd sung Iénh tu dong :Ta khong ohai gb day dii lénh
khi ma nghia ¢ n6 khdng bi cim .

Céc lénh Leonardo thuong ¢ nhiéu tuy chon , lra chon thyuc hién sy bd sung ty dong ban
khéng can nhap vao day du .

Nac danh (Aliasing) ‘

Leonardo dua ra Iénh Alias cho phép cac ching ta c6 thé xac dinh tén riéng cho céc chudi
Iénh duoc dung chung .

Alias Lp List Design - Port

Bién



Leonardo hé trg ngdn ngit Tcl. Do d6 phép gan bién va su xac dinh phu hop Vvoéi cd phap
Tcl (set cho thiét 1ap bién va $ var_name dé dinh vi tri 1 bién)

C6 1 tap hop nhirng bién c6 lién két tryc tiép dén may tong hop leonardo. Nhitng bién
nay c6 anh hudng dén cach van hanh cua Iénh tdng hop. Danh sach bién leonardo hién thi day du
khi duing lénh Help_Variables (Help -V 1a day du )

Cai dat giao dign dong Iénh :

Leonardo nap kich ban dudi ddy khi khai dong :

$EXEMPLAR/data/leonardo.ini

C6 thé cai dat giao dién dong lénh bang cach diéu chinh file exemplar.ini. Thong thuong
dung nhitng alias va cac tha tuc Tcl nhu View_Schematic va Push_Design da dugc xac dinh trong
file nay c6 thé thém vao dinh nghia cua minh trong file ndy. Néu d4 c6 file Examplar.ini trong
thu muc cuc bd Leonardo nap file thay vi trong lic khai dong 1a SEXAMPLAR/data/leonardo.ini.

6.Cac dong dir kigu :

Phan nay mo ta mot sé 1énh cho phép xay dung cac dong thlet ké . Neu sir dung GUI ¢o thé
xem Flowguide mot cdng cu hoc tirng budc xuyén sudt dong tong hop . Dé c6 thé chi tiét duoc
cach sir dung mot Iénh danh vao Help command name hoac tham khao sd tay

Leonardo command reference.

Céc ky thuat Loading :

Bit dau bat ky dong thiét ké nao , nap cac thu vién cong nghé ma ta can thiét nap cho cong
ngh¢ dich dé téng hop ,va cdng ngh¢ ngudn véi mot day (netlist) dinh rd cong nghé .Ta dung Iénh
load_library dé nap céng nghé , vi du :

Load_library act3

Lénh nay nap vao cong nghé Actel Act3 vao trong co so dit liéu leonardo.

Mot danh sach ddy du cac cong nghé duoc cung cap boi Exemplar duoc liét ké trong hop
thoai nap thu vién cua leonardo GUI. Céc tap tin cong nghé duoc dinh vi trong $exemplar/lib.Cé
thé thu dwoc cac thu vién cdng nghé bd sung tir nhitng nha ban hang cung cip hoic céc phong
thi nghiém hopzac nhdm suu tam thir 3.
Chuyén ddi exemplar néu can 1 thu vién cong nghé can thiét ma khdng thoat khoi cd.
Viéc thé hién thiét ké :
Ké tiép doc cac tap tin thiét ké , néu thiét k& 1a mot tap tin don gian dung lénh read dé doc né .Lénh
read c6 thé doc nhitng tap tin duoc dinh dang VHDL, verilog ,edif va xnf .Néu ding cac tap tin
VHDL hoic verilog va cé thiét ké duoc leu trong nhiéu tap tin hoic dung cac tap tin VHDL ma chi
bao gdm cac goi VHDL can thiét dbi vai thiét ké thi tot hon nén dung Iénh analyze doc tap tin
VHDL va verilog va juu trit né trong ciu trc dit liéu trung gian Iénh analyze khdng tao thiét ké &
thoi diém nay . Ching ta c6 thé phan tich cac goi VHDL van khong chira dung mot thiét ké hoac
thong sb thuc thé VHDL hoic khéi verilog .
Céc Ignh phé dung :
Ching ta c6 thé thuc thi céc 1énh sau khi doc thiét ké , trudc hoac sau su tdi wu
* Write : ghi thiét ké dén céac tap tin ,néu ghira VHDL hoic verilog truéc khi tdi uu dac ta cong
ngh¢ RTL style VHDL hoac Verilog s& duoc ghi bao gonm cac phét biéu dong dit liéu & muc thép.
* Report _area -all : I1€nh nay cho phép chung ta tim thy nhiéu théng tin vé kich thusc va Su
phuc tap thiét ke truéc su toi wu . N6 dém tit ca cac Cell cua nut 14 dic ta cdng nghé cung cap
s6 luong cac cong AND, OR, DFF, MUX va c4c toan ti

* Group/ungroup/unfold :

Lénh nay thao tac phan cp thiét ké.

* View_schematic



Lénh ndy 1a d¢ xem so dd Netscope va thé hién thiét ké muc cao .N6 nap tu dong thu vién
ky hiéu cac cell trong thiét ké .

Néu ching ta mudn dua vé mic gc , dung Iénh sau:

(ungroup —all —hierachy}

Pé luu mot thiét ké dén 1 tap tin ghi né ra 1 file edif.C6 thé khdi phuc thiét ké sau d6
bang cach doc file edif.

Néu mubdn khoi phuc mot thiét ké trong mot phan méi ,bao dam thu vién cdng nghé da
dwoc nap déi véi thiét k& duoc anh xa truoc khi khoi phuc thiét ké tu file edif |

Leonardo dé luu trir nhitng thong tin -~ khdng 4n .Thong tin trong file edif day du dé cai
dat lai thiét ké .

Sy toi wu  doc 1ap cdng nghé néi chung ching ta c6 thé thuc thi mot vai pre-
optimization trén thiét ké trudc khi nham vao bat ky cong nghé nao ding lénh pre-optimization.
Lénh pre — optimize-common-logic -unsigned.logic — extract thyc thi sy lan truyén khoéng doi ,loai
bo céc biéu thuc phu chung ,loai bo cac mach logic khéng ding va Idy counter/recorder ram.Lénh
nay thyc thi sy téi wu doc 1ap cong nghé trén tit ca cac mac phan cip trong thiét ké . N6 khéng
thay d6i su phan cap .N6 ciing khong lan truyén xuyén suit sy phan cdp duoc dinh vi hodc di
chuy@n mach logic cac mirc phan cap .

Sy tao khéi :
Ching ta c6 thé thuc hién tit ca cAc tac vu cua céc todn tir, véi céc cong & muc thap bang boi
cach dung 1énh Resolve_modgen.Néu muén dung céc b tao khdi dic ta cong nghé dé thuc hién
trong cé4c toan tir , thuc thi 1énh load mot kénh dau tién.
Su t0i wu dac ta cdng nghé
Dung lénh optimize s& anh xacac mach logic dén cac cell cong nghé dich hoic cac bang tra ciu va
bo sung bo dém 1/0 dén thiét ké muc dinh lénh nay khdng thay doi ranh gigi phan cidp nhung
nd s&thuc thi ti wu trén mac cua mdi
Phan cap véi cac tuy chon effort=quick cho két qua nhanh nhat va céc téi uu cac khu vuc nho .
Ngoai ra con cac diéu kién:
Xac lap cac rang buoc :
Sy tdi vu thoi gian:
Su chun bj cho soan thao:
Céc cong nghé LUT:Xilinx

7. The design database:
Gém cac muc sau:
7.1-Thiét ké md hinh thdng tin data:
7.2-Truy xuit data thiét ké :
8.Sir dung xem nhanh thiét ké :
Library windows:
~ Hierachy windows:

Thé hién dong ddi tugng duoc lya chon va thiét ké hién tai :
Céc nat cudi man hinh(bottom row of button):
8.1-Viéc lra chon céac ddi tuong :
8.2-X4c Iap cac ddi tugng hién tai :
8.3-Su thao tac cac ddi twong thé hién:
8.4-B6 sung 1 view dén cira sé hierachy:
8.5-Thao bo 1 view cira so hierachy:
8.6-Cap nhat design browser :
8.7-Thdng tin trong cot cira s hierachy:



Cira sé hierachy thé hién 2 cét :
e Cot 1: thé hién sy mo ta graphic/text cua cac doi tuong thiét ké .
e Cot 2: cic thdng tin bo sung ve 2 loai doi tugng : cac instance va port.

B.CACH SU DUNG MAX+PLUS Il

* TONG QUAT:

Trong qua trinh thiét ké va tong hop mach mot yéu cau dat ra cudi cung la kiém tra dugc mach da
thiét ké cd két qua ding theo yéu cau . Trong cac pham mém vé téng hop va kiém tra mach c6
phan mém Max+plusll 12 mot trong nhitng phan mém rat manh vé tong hop va kiém tra mach . Sau
day toi trinh bay cach sir dung vé phan mém nay :

1. Khéi dong phan mém Max+plusl| :

Sau khi phan mém Max+plus 11 @& duwoc cai dat ta tién hanh khai dgng nhe sau :
e Buwéc 1 : Bam vao biéu tuong MAX2WIN
Sau khi bdm vao biéu twong dé khoi dong man hinh Max+Plusll hién ra nhu sau:

MAX+plus 11 Manager - Untitled1 \

N Y I e = s P e, = I =

Trinh bay cua man hinh Max+ Plus2 gom cac thanh phan sau:
-Dong 1 :Thanh Toolbar dung hién thi thu muc va tap tin hién hanh .
-Dong 2 : Gdm 5 muc chinh :
+ Maxplus2
+ File
+ Assign
+ Option
+ Help
- Dong 3 : c4c biéu twong st dung truc tiép cac tng dung cua Max+plus2
- Dong 4 :Khu vyc trinh bay cac loai text.

e Buwdc 2 : Cac thanh chinh trong cac muc dong 2 nhu sau :



a-Muc Max+plusll :

© MaXeplus Il Manager - c:\doanwhdiatus 2 [SHIRIpR) |

[GEest NIl File Aszign Option: Help

Hierarchy Dizplay
Graphic Editar
Symbaol E ditor
Text Editar

W' aveform Editar
Eloorplan Editor
Compiler
Sirnulatar

Timing Analyzer
Programmer
Mezsage Proceszar

Maxplus2 dua ra nhiéu giip 5. Hé thong bao gom 11 nhom wng dung tong hop ding dé thiét ké
den thyc thi chuong trinh.

C6 11 phan :
1. Hierarchy Display : trinh bay céc phan cap sau khi thiét ké va dich.
2. Graphic editor :cho ché do v& mach thiét ké va test mach theo dang ciu trdc
3. Symbol Editor: dwa ra mot thyc thé entity sau khi d4 dich chwong trinh.
4. Text Editor :vao soan thao chwong trinh
5. Waveform Editor:soan thao va test mach cua chuong trinh
6. Floorplan Editor:soan thao va thiét ké theo dang Floorplan
7. Compiler: dich chuong trinh
8. Simulation:thyc hién md phong
9. Timing Analyzer: phan tich thoi gian cua chip
10. Programmer: xé4c dinh cua thiét bi phan cang

11. Message processor:man hinh théng bao va anh xa dén céac 15i khi dich .



B - Muc file :
Muc file gom c6 6 thanh phan :

6 MAXvplus 1| Manager - c\doanwhathus & [ISHIGILE

bAs+pluz [l Azsign Options  Help

IE L] Preiect AEEr

Mew...
Open... Chrl+0
Delete File...

Hierarchy Project Top Chil+T

Euit Maseplus | AltsFd r “

1-Project:x&c dinh chuong trinh can dich va ghi ...
2-New: mé mét file méi cua cac ché do :text,graphic,symbol,waveform editor
3-Open: ma cac file text,graphic,symbol,waveform editor
4-Delete file:x0a cac file
5-Hierachy Project Top:chuyén vé chuong trinh ngudn da dwoc hra chon dich
6-Exit Max+plusll:thoat khoi max+plus2

c-Muc Assign:gém céc thanh phan :

5 Mool Il Hanager - c\doanhalhs SIS

Max+pluz Il File DptthS Help

IE . E . Device...

PinfLocation/Chip. ..
Timing Requirements. ..
Cligue. ..

Logic O ptionz...
Frobe. ..
Connected Fins...

Global Project Device Optionz...
Global Project Parameters. ..

Global Project Timing Beguirements. .
Global Project Logic Synthesiz...

lgrore Project Assignments. ..
Clear Project Azzignments. ..
B ack-Annotate Froject...

ment Format

d-Muc Option:gém cac thanh phan :

3 MAXsplus Il Manager - c\dosmvhalhus S EBISIEN

Méx+pluz [l File  Aszign iy Help

] I Iﬁfvl EI %I 3 I | User Libraries...

Calor Palette. .
Autharization Code. .

Freferences...




2. Thuec hién soan thao va dich mgt chwong trinh :

Pé thuc hién soan thao va dich 1 chwong trinh ta thuc hién theo trinh tu sau:

e Dé soan thao mét chirong trinh téng hop phan cing :
Vao File \New\Text editor file
Khi nay man hinh soan thao xuat hién ,viéc soan thao trong méi truong nay giéng nhu trinh soan thao
Winword. Sau khi soan thao xong ghi tap tin va dat tén tap tin c6 phan maé rong 1a .vhd .
e DPédich mét chuong trinh da dwoc sogn thao ta theo cac budc sau:
Xéc dinh tap tin hién tai can dich bang cach thuc hién :

Chon File\Project\ set project to current file .

Sau khi da chon xong theo yéu cau trén ta tién hanh dich: ,
-Chon muc MAX+plus \ COMPILER khi nay ctra s6 cia COMPILER s€ xuat hién nhu hinh sau:

.ﬁﬁnmpiler [_ (O] =]
Compiler Database Logic Timing
Netlist Builder Synthesizer Partitioner Fitter SNF Assembler
Extractor Extractor

sy

Ly

1] S0 100
[ 1

5571

Man hinh Compiler hién thi nhiéu muc khac nhau ,d6 Ia nhitng bo phan caa nhitng qua trinh
dich va tong hop mach .
Chon n(t Start dé bat d¢au qua trinh dich. Trong qua trinh dich cac muc duyét qua, néu thanh cong
thi cac muc s& duogc duyét hét va hién thi mot théng bao vé cac thong tin trong qué trinh dich .

Man hinh sau sé thong bao khi qua trinh dich thanh coéng :

Database Logic Timing
Builder Synthesizer Partitioner Fitter SNF
Extra[:tur

.ﬁ Compiler

Compiler
Metlist
Extractur

5571

3. Thuc hién kiém tra két qua sau khi da téng hep mach :

Sau khi dich xong chuong trinh téng hop mach ta tién hanh kiém tra két qua caa mach dugc tong
hop .Viéc kiém tra duoc tién hanh nhu sau:
a .Sogn thao mat tap tin file waveform editor file :
Chon File\New \Waveform editor file.
Khi nay man hinh soan Waveform editor file xuét hién nhu sau:



Dé dua cac thanh phan can kiém tra cia mach ta thuc hién chon :

Chon muc Node \enter Nodes from SNF khi d6 man hinh cua c4c thanh phan mach s& xuit hién

nhu sau :

Enter Nodes from SNF [<]
Hode / Group: |:E\§ | | ........... T

Awailable Nodes & Groups:
INPUT_D (1)

Selected Hodes & Groups:

OUTPUT_G (O]

OUTPUT_F [O)
[]

4 »

Type ¥ Preserve Existing Modes

M Inputs ™ Begistered I~ Show All Hode Mame Synonyms
I~ Oul [~ Combi

= Group = Memory Bit
I~ an = Memory Word ok | Cancel | ciEzsn|

Ta tién hanh chon nat List va dua cac bién cua Node sang man hinh Waveform sau d6 chon

nut OK.

Man hinh Waveform sau khi duoc chon cac bién ¢ dang nhu sau :

iy [m]

Start: |0.0ns |[«]=] End: [1.0us | Interval: [1.0us |

Marme: 100.0ns
I,
= A oo 0
- B oo 0
- E oo 0
- F oo 0 -

4 AW

Sau khi d4 chon xong céc bién trong man hinh Waveform Editor ta luu (ghi ) tén tap tin nay

v6i phan mé rong . scf .

B UntitledS - Waweform E ditor =] 3
Ref: O.0Ons m Time: |44 4ns Interval: Ix-‘lt-‘l.x-‘lns
O.0Ons
Marme: “alue: 100.0ns =2oo
JEN I L3




b .Tién hanh md phong két qua trén man hinh Waveform Editor.
Chuing ta cé duoc tap tin waveform da duoc nhap & trén, ching ta c6 thé mé phong bang thiét ké
va xac dinh no lam viéc dung hay sai.
Mg bang md phong bing cach chon Max+plus 11\ Simulator ban s& nhin thiy ctra s6 bang mo

phong duoc mé nhu hinh dudi day:

JE. S imulator: Timing Simulation

Simulation Input: thub.scf
Simulation Time: 0.0ns

Start Time: |([0.0ns End Time: |1 Ous |

MUse Device ™ Oscillation [0.0ns |
M SetupfHold
M Check Qutputs

™ Glitch |I].I]n5 |

a o S0 {00 I

| Start I Pause Shop I Open SCFI

Chon Start dé bat dau thuc hién md phong. Bang mo phong s& hoan thanh. Va dua ra két qua
trong bang waveform editor. Két qua dang hay khéng phu thuoc vao chuong trinh cia nguoi thiét

ké téng hop mach.
Tat ca cac buagc trén cé thé dugc thuc hién duoc nhiéu lan cho dén khi nao ddm tng dlng yéu cau cua

nguoi thiét ké va téng hgp mach .

PH4N 11



NGON NGir VHDL

Chwong 1: PHAN GIOI THIEU

1.1 VHDL LA GI ?:

VHDL la chir dau cua ngon ngir mo ta phan cang VHSIC (VHSIC 1a chir dau cia Very High Speed
Integrated Circuits) . D6 la ngdn ngir mo ta phan cing ¢6 thé sir dung mau hé thong digital & nhleu muc y
tuong tur thuat toan dén cong logic . Su phuc tap cia hé thong digital la kiéu co thé bién doi tir COng don glan
dén heé thdng dién tir phuc tap. Hé thong digital c6 thé mé ta 1 cach tha ty , can phai cd kiéu rd rang trong cac
mo ta giéng nhau .

Do d6 ngdn ngir c6 cau tric cho phép biéu dién hanh vi d¢ong thoi hozc tuan ty caa hé thong digital vai sy
diéu chinh bén ngoai . N6 xem h¢ thdng nhu 1a két ndi chung quanh cac thanh phan .Kiém tra cac dang séng
c6 thé sir dung cac ciu trdc giéng nhau .

Ngon ngr khong chi dinh nghia ct phap ma con dinh nghia mé phong cho mdi cau tric ngon ngir . Do do
cac kiéu da viét trong ngon ngir o thé sir dung tham tra viéc md phong VHDL . D6 la kiéu viét rd rang va dai
dong . NG thira ké nét dac trung ngdn ngir tuan ty , tir ngdn ngir lap trinh Ada . M6 ta day du phai ¢ kha
nang mo ta nhiéu chip phirc tap téi hé théng dién tir déy dua .

1.2 CAC CHUC NANG :
Sau day la cac chirc nang chi yéu ma ngén ngir cung cap di dbi voi nhiing diém dac trung tir cac ngon
ngir md ta phan ciing khac nhau .

+ Ngon ngit c6 thé xem nhu 13 noi trao doi trung gian giira cac Vendor chip va nguoi sir dung
cong cu CAD . Céac Vendor chip khac nhau cé thé md ta VHDL vai cac thanh phan thiét ké hé thong
. Nguoi sir dung cung cdp CAD ¢ thé st dung né dé nim bét cac hanh vi cua thiét ké tai mac cao
caa sy triru twgng qué trinh moé phong .

+ Ngon ngur c6 thé str dung truyen tin trung gian gitra cac cong cu CAD va cac CAE khac nhau .
Vidu, lugc dd cia chuong trinh c6 thé sir dung bo mé ta thiét ké VHDL , ¢ thé sir dung chiing nhu
14 input cho quéa trinh mé phong .

+ Ngon ngit ho trg cho Hierarchy , 1 h¢ thong digital c6 the hicu nhu 1a tap hop céc thanh phan
két noi chung quanh , mdi 1 thanh phan vao c6 thé hiéu nhu tap hop cua cac thanh phan con két noi
chung quanh .

+ Ngbn ngir h6 trg phuong phap thiét ké linh dong tir trén xudng , tir dudi 1én hoic hdn hop .

+ Ngon ngir khong la ky thuat dic trung , nhung n6 c6 kha ning hé tro cac ky thuat dic biét do .
NG c6 the ho trg cho cac ky thuat phan cing khac nhau , vi du c6 the dinh nghia cac kieu  logic moi
va cac thanh phan méi , ban c6 thé xac dinh ro cac tinh chat cta ky thuét dac trung ,bsi vi n6 la ky
thuat doc lap. Cac kiéu giong nhau c6 thé tong hop dua vao céac thu vién khac nhau.

+ N6 hd trg cho ca hai kiéu thoi gian ddng bo va khong ddng bo .

+ Céc ky thuat digital khac nhau ,nhu I cac md ta trang thai két thic , cac md ta tinh toan , va
cac phuong trinh boolean , c6 thé la kiéu st dung ngén ngir .



+ Ngon ngit cé thé dung 1 cach cong khai , cd thé doc dugc boi nguoi , boi may moc va trén tat
ca la né khéng c6 nguoi so hitu .

_ + N6 lachuan IEEE va ANSI , do d6 c4c kicu md ta sir dung cho ngdn ngix nay duoc linh dong .
Can quan tam nhiéu hon trong viéc bao tri chuan da thu duoc va tur tir ¢6 thé hinh thanh chuan thir
hai .

+ Ngon ngit h trg cho 3 loai md ta co ban khac nhau : cu tric , dong dit liéu va hanh vi . Mot
thiet ké co thé duoc biéu dién trong moi su két hop cua cac loai mo ta trén.

+ N6 hd tro cac muc y tudng rong , tir y tudng mo ta hanh vi téi mé ta chinh xac cac muc cong .

+ Tuy cac thiét ké c6 thé cé kiéu sir dung ngdn ngir va ching khdng bi han ché beéi kich thudc
cua thiet ke .

+ Ngon ngit c6 nhiéu phan ti tao thanh kiéu thiét ké theo pham vi , vi du cac component , céc
function , cac procedure va cac package .

+ Kiém tra céc cach viét sir dung ngén ngir gidng nhau tai viéc kiém tra cac kiéu VHDL khac .
+ Generic va attribute duoc dung trong md ta cac thiét ké theo tham s .

+ Mot kiéu khong can md ta ham thiét ké nhung c6 the chira cac thong tin xung quanh ban thiét
ké trong pham vi sir dung dinh nghia attribute , ciing nhu tong hop dién tich va van tc .

+ Mbt ngdn ngir c6 thé sir dung md ta thu vién cac thanh phan tir cac vendor khéac nhau . Tir céc
cdng cu d6 s& khéng khé khan trong viéc hiéu cac kiéu VHDL trong viéc doc cac kiéu tir nhitng
trang thai khac nhau caa vendor tir ngén ngir chuan .

+ CAc kiéu viét trong ngbn ngir nay co thé kiém tra bang viéc mé phong tir cac ngir nghia mod
phong d4 dinh nghia chinh xac cho mdi céu trdc caa ngdn ngir .

+ Cac kiéu hanh vi thich tng vai loai md ta tong hop , 1a kha ning tong hop cac mo ta cong
logic .

+ Kha nang dinh nghia cac kiéu dir liéu méi cung cdp kha ning mo ta va md phong ky thuat
thiet ké méi & mac cao cua y tuong trong viéc thuc thi cac chi tiet.

1.3-Y TUONG PHAN CUNG :

VHDL st dyng mé ta 1 kiéu cua thiét bi phan cing digital . Kiéu nay chi ré cach nhin bén
ngoai cua thiét bi va 1 hoic nhiéu cach nhin bén trong . Cach nhin bén trong cua thiét bi chi ré theo
ham hay cau trdc , trong khi cach nhin bén ngoai chi ro cac giao tiép cua thiét bj qua sy két ndi voi
céc kiéu khac trong moi truong xung quanh . Hinh 1.1 cho xem thiét bi phan ciing va kiéu phan
mém twong ng .

Tur thiét bi t6i thiét bi anh xa toan phan 1-nhiéu . Blng vay , 1 thiét bi phan cing c6 thé co
nhiéu Kiéu , vi du 1 kiéu thiét bi & mic cao cua y tuong co thé khdng cac xung clock ¢ dau vao , tur



d6 xung clock khéng str dung trong viéc mo ta . Ngoai ra data truyén ¢ giao tiép bé mat co thé xem
nhu bj gioi han , gid tri integer thay thé cho tri logic . Trong VHDL , mdi kicu thiét bi dugc xem
nhu sy mo ta riéng biét cua 1 thiét bi duy nhit goi la entity . Hinh 1.2 xem quan canh VHDL cua 1
thiét bj phan cing c6 cac kiéu da thiét bi , voi moi mot kleu thiét bi mo ta 1 thuc thé . Ngay ca thuc
thé 1 qua N md ta N thuc thé tir VHDL , trong thuc té ching dugc mo ta thiét bi phan cang nhu
nhau . Thuc thé 1a y tuong phan cang cua thiét bi phan cung thuc té . M3i mot thuc thé duoc mé ta
sir dung 1 kiéu , bao gom 1 quang canh bén ngoai va 1 hodc nhiéu cach nhin bén trong tai 1 thoi
diém , 1 thiét b1 phan cirng c6 thé md ta bang 1 hozc nhiéu thuc thé .

Chwong 2 :DIEN GIAlI THUYET TRINH

Chuong nay gigi thiéu ngén ngit ,dac diém ngdn ngir chii yéu dugc md ta trong chuong nay ,& day ban c6
thé viét nhitng mau VHDL don gian
2.1 THUAT NGU CO BAN:

VHDL la ngbn ngit md ta phan cing ,c6 thé sir dung cho mau hé thong tin higu sé .Hé thdng tin hiéu s6 c6
thé don gian 1a cong logic hoac phirc tap 1a hé thong dién tir tong hop . M6t y tuong cua hé thong tin higu nay
goi 12 mot thuc thé trong chu dé nay . Mot thuc thé X , khi sir dung trong thuc thé khac 1Y thi n6 1a mot
thanh phan cho thyc thé Y .

Do d6 ,mét thanh phan ngoai thuc thé con 1é thudc vao thuc thé nao.

i véi mo ta mét thuc the , VHDL cung cp 5 kiéu khac nhau cua thiét ké géc , goi la design units .Bao
gom:

1. Entity declaration.

2. Architecture body.

3. Configuration declaration.

4. Package declaration.

5. Package body.



Mot thuc thé 1a dang sir dung su khai bao thyuc thé va tdi thiéu phai c6 mot phan than architecture . Sy
khai b&o thyuc thé mo tacéi nhin bén ngoai cua thuc thé , vi du g8 vao va gd ra tin hiéu . Than cua architecture
bao ham viéc mo ta bén trong caa mét thuc thé ; vi du mot tap hop cua cac thanh phan két ndi la biéu hién
cau trdc cua thyuc thé d6 , hoac la tap hop cac phat biéu dong thai hodc tuan ty biéu hién hanh vi cia thyc thé
d6 . Mdi loai cua su biéu hién dugc xéac dinh trong cac than architecture khac nhau hoic pha tron véi mot
kién tric don . Hinh 2.1chi ra thuc thé 1a mot mau co thé tan tai

Khai béo dinh dang 1a sir dung cho viéc tao dinh dang cho thuc thé . Puoc xac dinh bt budc cia than mot
kién tric tir nhiéu kién tric c6 thé lién két véi thuc thé d6 , d6 1a phan bit budc dé xéac dinh thanh phan st
dung trong viéc chon mat kién triic cho céc thuc thé khac . Mot thuc thé c6 thé cé trong sé nhitng dinh dang
chung.

Khai béo goi tap hop cac khai béo lién hé nhau , nhu 1a khai béo kiéu , khai bao kiéu con va khai bao
chuong trinh con , phan phdi qua hai hoac nhiéu thiét ké .Than g6i bao ham dinh nghia cua khai bao chuong
trinh con bén trong khai bao goi.

Thuc thé dugc khai bdo mét 1an cé hiéu luc qua hé théng VHDL . Bién hinh cua hé théng VHDL gom sy
phén tich va md phong .

Phan tich 12 doc mot hay nhiéu ban thiét ké bao gdm file goc va file d bién dich tir thu vién thiét ké
chiing , sau d6 kiém tra 15i chinh ta va ngit nghia . Thu vién thiét ké 1a méi truong hé tro cho hé théng VHDL
, tai day luu trir cac ban thiét ké da bién dich .

Qué trinh md phong 1a md phong mét thé dwoc biéu hién boi entity-architecture , hoic configuration
hoic dang doc ban bién dich tur thu vién thiét ké va qua trinh thuc hién bao gdm cac budc sau

1- Elaboration ( chi tiét hoa )
2- Initialization (m& hod )
3- Simulation (m6 phong )

2.2 KHAI BAO THUC THE

Khai béo thuc thé la xac dinh tén cua thyuc the tap hop cac cong giao tiép . ports la noi cac tin hiéu di
qua , thyc thé c6 thé trao d6i théng tin vai cac mau khac & moi truong bén ngoai .
Hinh 2.3 A Half_Adder circuit
Sau day la doan khai théc thyc thé half- adder ¢hinh 2.3
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entity HALF_ADDER is
port (A,B:in BIT; SUM, CARRY : out BIT ):
end HALF_ADDER;
-- This is a commet line
Thyc thé half-adder c6 hai cong vao A va B ( dugc xéac dinh 1a cong input ) va hai cong ra SUM va
CARRY ( xac dinh 1a cong output ) . Bit la kiéu co ban caa ngdn ngir , n6 la kiéu dém , hai loai ky ty : “ 0”
va “1” . Kiéu cua port dugc xac dinh kiéu Bit , gia tri cia port 1a “ 0” hay * 1.

Mot vi du khac vé khai bao thuc thé vao hai ra bon , mach DECODER H2.4

entity DECODER2x4 is
port (A,B,ENABLE : in BIT; Z: out BIT_VECTOR(0 to 3);



end DECODER2x4;
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Hinh 2.4 A 2 to 4 decoder circuit

Thyc thé goi IADECODER 2.4, 3 cong vao va 4 cong ra . BIT-VECTOR la kiéu ddy khong giéi han cua
BIT . Kiéu day khong gisi han la kiéu ma kich thudc ciia diy khdng xac dinh viing ‘0 dén 3’ xéc dinh kich
thude day cho part 2

Tir hai vi du trén , ta thdy khai bao thyuc thékhong xac dinh dugc nhitng van dé bén trong thyuc thé , chi
khai bao tén va cac cong giao tiép ciia thuc thé .

2.3 THAN KIEN TRUC

Chi tiét bén trong cua mot thuc thé duoc xac dinh boi than cua architecture sir dung mot vai mau dic
trung sau :

1.T4p hop céc ket ndi bén trong cac thanh phan (biéu hién cu tric )

2.Tap hop cac phét biéu gan dong thoi (bleu hién dong di li¢u)

3.Tap hop cac phat biéu gan tuan tu (biéu hién hanh vi)

4.Sy két hop céac dang trén

2.3.1 Pic ta cau tric ciia md hinh
Trong dic ta cau tric cua mau , mot thuc thé duoc md ta , tap hop cac két ndi bén trong cac component
(thanh phan ) mau thyc thé half-adder (hinh 2.3) , dwoc m6 ta trong than architecture sau day.
architecture HA_STRUCTURE of HALF_ADDER is
component XOR2
port (X,Y:in BIT; Z: out BIT);
end coponent;
component AND?2
port (L,M:in BIT; N: out BIT);
end coponent;
begin
X1: XOR2 port map ( A,B,SUM);
Al: AND2 port map (A,B,CARRY );
end HA_STRUTURE;

Tén cua architecture lAHA-STRUCTURE , khai bao thuc thé HALF_ADDER
(khai bao phan truéc ) xac dinh cong giao tiépbén ngoai cua architecture ndy . Architecturebao gom hai phan
: Phan khai béo (trudc tir begin) va phan phat biéu (sau tir begin) , hai khai bao component dugc thé hién ¢
phan khai b4o cua architecture . Nhitng phan khai bao nay liét ké cac giao tiép cua compenent sir dung trong



architecture ¢6 . Compenent XOR va AND , ca hai compenent d4 c6 trong thu vién hay ching huéng dén
mot compenent khac trong thu vién .

Su khai bao cac thanh phan Ia doi tuong trong phan phat trién cia Architecture s dung khai béo
component instantiation (doi twgng thanh phan) . X1 va Al la cac nhdn cua component instantiation .

Phén khai bao thir nhat X1, chi ra tin hi¢u A va B ( cong input cia HALF_ADDER ) , lién hé t6i X va Y
la cac cong input cia XOR2, cong output Z cia component nay lién hé toi cong output SUM cua entity
HALF_ADDER.

Tuong ty , trong phan khai bao th hai , tin hiéu A va B lién hé téi cong L vaM cia ADD2 , con cong N
kién h¢ toi cong CARRY cua HALF_ADDER.

Chu y trong truong hop nay cac tin hi¢u trong port map (anh xa cong) cua component instantiation va cac
tin hi¢u cong trong khai bao component phai duoc dat ding vi tri . M6 ta cau truc cho HALF_ADDER la
chua ndi dén cac ham cua no .

Riéng phan md ta cho component XOR2 va AND2 , m&i mét thanh phan ¢ phan khai béao thuc thé va
architecture cua riéng no .

CAu tric cua thuc thé DECODER2x4 & hinh 2.4 14 :

architecture DEC_STR of DECODER2x4 is
component INV
port (PIN :in BIT;POUT:out BIT);
end component;
component NAND3
port ( DO,D1,D2 :in BIT;DZ: out BIT);
end component;
signal ABAR;BBAR : BIT;
begin
VO: INV port map (A,ABAR);
V1: INV portmap (B,BBAR);
NO: NAND3 port map (ENABLE,ABAR,BBAR,Z(0));
N1: NAND3 port map (ABAR,B,ENABLE,Z(1));
N2: NAND3 port map (A,BBAR,ENABLE,Z(2));
N3: NAND3 port map (A,B,ENABLE,Z(3));
end DEC_STR;

Trong vd nay tén architecture la DEC_STR, lién két ti entity DECODER2x4, n6 duoc thira ké danh
s&ch cac cong giao tiép tir khai béo entity.

Trong phan architecture , ngoai khai bao 2 component ( INV va NAND3) con c6 khai bao signal d6 la 2
tin hiéu ABAR va BBAR kiéu BIT.

Céc tin hiéu nay thé hién day ndi , sir dung két ndi cac component khac nhau tir DECODER. Pham vi cua
céc tin hiéu nay chi gigi han trong architecture ¢6 , cd nghia la cac tin hiéu nay khdng dugc sir dung bén
ngoai architecture . Nguoc lai cac tin hi¢u cua cac cong duoc khai bao trong thyc thé c6 thé ding cho bét cir
architecture nao két ndi véi thyc thé nay.



Phat bicu Component instantiation 1a phat biéu dong thoi , do do thir tw cac khai bao Ia khong quan
trong. Cau tric cua kicu mo ta nay chi la ket noi trong thanh phan ( xem nhu hop den), ngoai y ndi vé 1 hanh
Vi ndo d6 cua céc thanh phan thi ty no6 ciing khdng biéu hién dugc cai chung cuathyc thé.

Trong architecture DEC_STR ,tin hiéu A,B VAENABLE sir dung trong cic phat biéu Component
instantiation , 1a cac cong dugc khai bao trong DECODER2x4.

Vi dy trong nhan N3,cong A lién h¢ dén input DO caa component NAND3,cong B lién hé dén input D1,
cong ENABLE lién hé dén input D2 ciaNAND3 , va cong Z(3) cia DECODER2x4 lién h¢ dén output DZ
ctaNAND3. Vi tri cac tin hiéu trong port map cua Component instantiation véi cac cong cua component
trong phan khai bao phai twong (ng nhau. Hanh vi cia NAND3 va INV la khdng rd rang trong phan mé ta
cau truc.

2.3.2 Pac trung dong dir lig¢u cia m6 hinh :

Trong dac trung cia md hinh, dong dir liéu qua entity Ia biéu thirc sir dung céc phat biéu goi tin hiéu dong
thoi . Cau tric cta thuc thé la kiéu xac dinh khong rd rang , chi co tinh chat suy dién.

Sau day xem xét architecture cua entity HALF_ADDER :

architecture HA_ CONCURRENT of HALF_ADDER is
begin
SUM <= A xor B after 8 ns;
CARRY <= A and B after 4 ns;
end HA_ CONCURRENT;

_Kiéu dong di liéu HALF_ADDER lamo ta sir dung 2 phat biéu gan tin higu dong thoi ( phat biéu gan
tuan ty duwoc mo ta ¢ phan sau ). Trong 1 phét biéu gan tin hiéu :
ky hiéu <= gia tri caa tin hiéu gan vao;

Giatrj ciia bicu thirc bén tay phai cua phét bicu , qua qué trinh tinh todn dugc gan vao tin hiéu phan bén
tay trai, goi la target signal. Phép gan tin hiéu dong thoi dugc thi hanh khi xuat hién 1 sy kién tin hiéu cua
biéu thirc bén phai , gia tri cua tin hiéu dugc thay doi.

Théng tin tré ( delay) dugc dua vao phat biéu gan tin hiéu sir dung ménh dé after . Néu 2 tin hiéu A va B
14 tin hiéu vao cua entity HALF_ADDER , su kién xuat hién sau thoi gian T, biéu thirc bén phai cua 2 phép
gan duoc danh gia .

Tin hiégu SUM duoc gan gia tri méi sau 8ns, dong thoi tin hiéu CARRY ciing dugc gan gia tri méi sau
4ns. Khithoi gian mé phong toi (T+4) ns, CARRY sé& dugc gan gia tri méi, ca 2 phat biéu gan dugc thuc hién
dong thoi.

Céc phét bicu gan tin hiéu dong thoi 1 cac phat biéu dong thoi,do d6 thir ty cac phat biéu trong
architecture la khong quan trong , ngoai ra trong architecture HA_ CONCURRNT con cd sy lién két dén khai
b&o cua entity HALF_ADDER.

béy ladong dix liéu cuaentity DECODER2x4:
architecture DEC_DATAFLOW of DECODER2x4 is
signal ABAR,BBAR:BIT;

begin
Z(3) <=not ( A and B and ENABLE); --statement1
Z(0) <=not (ABAR and BBAR and ENABLE ); --statement 2
BBAR <= not B; --statement 3
Z(2) <=not ( A and BBAR and ENABLE); --statement 4

ABAR <= not A; --statement 5



Z(1) <=not ( ABAR and B and ENABLE); --statement 6
end DEC_DATAFLOW,;

Than architecture bao gom 1 khai béo signal va 6 phat biéu gan dong thoi . Khai béo signal khai bao 2
tin hiéu ABAR va BBAR la hién cuc bo cuaarchitecture.

Trong mdi hanh vi cua architecture 1a xem xét ¢6 su kién 1 tin hiéu input , nhu 13 input B tai thoi diém T,
thi cc phat biéu gan 1,3,6 s& dong thoi thuc thi. Cac biéu thirc bén tay phai s& dugc dinh tri va cac gia tri phu
hop s& dugc gan vao cac tin hi¢u dich tai thoi diém (T + A) . Khi thaigian mé phong dén (T + A) cAc gia tri
mai dugc gan vao tin hiéu Z(3),ABAR va Z(1). Gia tri cia BBAR xuat hién thi lap tirc cac phat biéu cia 2 va
4 dugc thuc thi, tai thoi diém (T + 2A) tin hiéu Z(0) va Z(2) s& duoc gan gié tri moi.

Ngir nghia ciia hanh vi ¢ong thoi nay cho biét qua trinh mé phong d6 duoc phéc thao bang ngén ngi, la
su kién trigger va thoi gian mo phong téi thoi diém ké tiép khi c6 1 sy kién xay ra.
Ngoai thaigian md phong con c6 thé c¢é nhiéu thanh phan don vi thoi gian .
Vi du cac su kién da xay ra tai cac thoi diém 1,3,4,4+A,5,6,6+A .. don vi thoi gian.
Ménh d¢ after sir dung chung 1 tin hiéu CLOCK, hdy xem phat biéu gan tin hiéu dong thoi sau :
CLK <= not CLK after 10ns;

2.3.3 Pac treng hanh vi caa md hinh :

Mot kiéu tuong phan véi md ta trudc d6 1a kiéu hanh vi cua 1 thuc thé bao gom cac phét biéu thyc hign
lién tuc c6 tht tu. Tap hop cac phét biéu tuan tu duoc xéac dinh bén trong phat biéu process. N6 khdng dugc
xéc dinh trong cau tric cua thyc thé , chi 1a 1 ham cua né.

Mot phét biéu process la 1 phat biéu dong thoi co thé thém vao architecture.

Vi du hanh vi cho thyc thé DECODER2x4 bao gom :

architecture DEC_SEQUENTIAL of DECODER2x4 is
begin
Process (A,B,ENABLE)
Variable ABAR,BBAR: BIT,;
begin

ABAR :=not A;

BBAR :=not B;

If ENABLE = ‘1’ then
Z(3) <=not (A and B);

--statementl
--statement 2
--statement 3

--statement 4
Z(0) <=not (ABAR and BBAR) ; --statement 5
Z(2) <=not ( A and BBAR); --statement 6
Z(1) <=not ( ABAR and B); --statement 7
Else
Z<="11117, --statement 8
End if;

End process;
End DEC_SEQUENTIAL;

Mot phat biéu process co 1 phan khai béo (truéc tir begin ) va 1 phan phét biéu ( gitra tir begin va end
process ). CAc phét biéu dugc dua vao phan phat biéu 1a cac phat biéu tuan ty va s& dugc thyuc thi 1 cach tuan
tu.

Danh sach cac tin hi¢u trong ngodc sau tir process thiét 1ap danh sach 1 cach c6 thir ty , phét biéu process
thuc thi khi ¢6 1 su kién trén bat ky tin hiéu nao trén danh sach d6 .



Trong vi du trén khi c6 1 sy ki¢n xdy ra trén tin hi¢u A,B hodc ENABLE , cac phat biéu trong process sé&
thuc thi 1 cach tuan ty.

Khai bao bién ( bat dau bang tir variable) khai bao 2 bién ABAR va BBAR, bién khac véi tin higu 1a n6
lubn dugc gan gia tri ngay tic khac va phép gan tin hiéu 1a := t6 hop ky hiéu, né dugc gén gié tri sau khoang
delay ( xac dinh do nguoi str dung hoic mac nhién Ia khoang delta) va phép gan diéu khién viéc gan gia tri
cho bién <= t6 hgp symbol .

Khai b&o bién trong process ¢ pham vi chi trong process do . Bjén c6 thé khai béo trong chuong trinh
con, chuong trinh con s& duoc ban luan trong chuong 8. Khai bao bién bén ngoai process hoac chuong trinh
con thi goi la shared variable. C4c bién nay c6 thé cap nhat va doc nhiéu process.

Chl y tin hiéu khéng duoc khai bao trong process . Cac phat biéu gan tin hiéu xuét hién trong process
duogc goi la phét biéu gan tin hiéu tuan tu , ké ca phat biéu gan bién ,thuc hién tuan tu doc 1ap vai viéc xuat
hién cac sy kién trén mdi tin hiéu trong biéu thirc bén tay phai , khac vai viéc thuc thi cia cac phat biéu gan
tin hiéu dong thoi trong phan truée .

Trong architecture , néu 1 sy kién xut hién trén tin hiéu A,B hoic ENABLE , phat biéu 1 , phat biéu gan
bién thyc thixong thi phat biéu 2 mai thyc thi va ci thé
tiép tuc . Vi phét biéu thir 3 , phat biéu if, duoc diéu khién bai gi tri cua tin hiéu ENABLE, néu ENABLE
Ién “1° thi 4 phat biéu gan ké tiép thuc hién gan gia tri doc lap A,.B ABAR,BBAR , tin hiéu dich s& duoc gan
cho ching ting gia tri sau khoang delay A . Néu ENABLE la “0’ thi gia tri ‘1’ dugc gan cho moi phan tir
output trong diy Z. Khi thuc hién xong process , process & trong trang théi treo va doi dén khi c6 su kién
khac xuét hién.

C6 ton tai phét biéu case hoac loop trong process , ngir nghia va cau tric cia phat biéu nay ciing giéng
nhu trong cAc ngdn ngit cip cao khac la C hoac pascal . C6 thé st dung phat biéu wait trong process. N6 ¢6
thé sir dung dé cho cho 1 gia tri thoi gian , cho tai khi diéu kién thanh true , hoic dén khi ¢ 1 su kién xuat
hién trén tin hiéu .

Process nay khdng c6 danh sach nhan vao bai vi xuat hién phat biéu wait trong process . D6 la diéu quan
trong dé nha rang process khdng bao gio két thic .
Tat ca cac process thuc hién suét qua trinh md phong cho dén khi c6 trang thai treo.
Sau day la vi dyu md ta 1 Flip_Flop :
Entity LS_DFF is
Port ( Q:out BIT; D,CLK : in BIT);
End LS_DFF:

Architecture LS DFF_BEH of LS_DFF is
Begin
Process (D,CLK)
Begin
If CLK ="1" then
Q<=D;
Endif ;
End process;
End LS_DFF_BEH,;

Process duoc thuc hién khi c6 1 sy kién trén tin hiéu D hoic CLK . Néu CLK =’1’,gia tri cua D duoc
gan cho Q . Néu CLK="0’ thi khong thyc hién phép gan . Trong khi CLK =*1", moi thay doi trén D déu xuat
hién trén Q , chi khi CLK="0" thi gia tri Q van khang déi.

2.3.4 Kiéu hén hop ciia mo hinh :

C6 thé hdn hop 3 kiéu trén trong 1 architecture. Vi architecture nay, chiing ta c6 thé sir dung cac phat
biéu component instantiation ( d6la biéu hién structure) ,phét biéu gan tin hi¢u dong thoi ( biéu hién
dataflow) va phat biéu process ( biéu hi¢n hanh vi).



Vi du kiéu hdn hop cho 1 bit FULL_ADDER xem trong hinh 2.7 :

Entity FULL_ADDER is
Port (A,B,CIN :in BIT;SUM,COUT : out BIT);
End FULL_ADDER,;

Architecture FA_MIXED of FULL_ADDER is
Component XOR?2
Port (P1,P2 :in BIT; Pz:out BIT);
End component;
Signal S1:BIT;
Begin
X1: XOR2 port map (A,B,S1); --structure
Process (A,B,CIN) --behavior
Variable T1,T2,T3 :BIT;
Begin
T1:=A and B;
T2:= B and CIN;
T3:= Aand CIN;
COUN<=TlorT2o0rT3;
End process;

SUM <= S1 xor CIN ; --dataflow
End FA_MIXED;
Structure dataflow
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Hinh2.7 A 1_bit_full _adder

Full_adder sir dung 1 phét biéu component instantiation , 1 phét biéu process, va 1 phat biéu gan tin
hiéu dong thoi . Tat ca cac phat biéu nay 1a cac phat biéu dong thoi ; do d6 tha ty xuat hién ciia ching trong
architecture 1a khong quan trong . Cha y rang ban than cua phat biéu process 1a 1 phét biéu dong thoi , con
cac phat biéu trong process duoc thyc thi 1 cach tuan ty.

Sl latin hi¢u khai bao cuc b cua architecture va dugc gan gia tri tircong output ciia component X1 dén
biéu thirc gan cho tin hiéu SUM.

2-4 KHAI BAO PINH DANG ( configuration)



Khai bao configuration la st dung viéc chon 1 trong nhitng architecture ma entity dacé va cac
thanh phan bat budc, su dung mo ta structure trong architecture, tgi md ta thuc théboi bo entity
architecture hoac bang 1 configuration, tat ca c6 trong 1 thu vién thiét ke .

Sau day la 1 khai bao configuration cho thyc thé HALF_ADDE :
Library CMOS_LIB, MY_LIB;
Configuration HA_BINDING of HALF_ADDER is
For HA_STRUCTURE
For X1 : XOR2
Use entity CMOS_LIB.XOR_GATE(dataflow);
End for;
For Al : AND2
Use configuration MY_LIB.AND_CONFIG,;
End for;
End for;
End HA_BINDING;

Phat biéu dau tién 1a ménh dé library véi cac tén thu vien CMOS_LIB va MY _LIB duoc khai bao
configuration tham khao dén . tén cua configuration 1a HA BINDING va xac dinh dang cho thyc thé
HALF_ADDER. Phat biéu ké la xac dinh than architecture HA_ STRUCTURE ( md ta & phan 2.3.1 ) duoc
chon cho configuration nay .

Architecture ndy gom 2 component , 2 component bat budc phai c6 .

Phat biéu dau tién ( for X1: ... end for ), lién quan gitra component instantiation cua nhdn X1 t&i mo ta
thuc thé trong bo entity architecture . Khai béo thuc thé XOR_GATE va architecture dataflow , tat ca c6
trong thu vién thiét ké CMOS_LIB. Tuong ty véi component instantiation A1 xuat hién 1 thuc thé xéac dinh
bang khai bao configuration , véi tén AND_CONFIG ¢ trong thu vién MY_LIB.

Khoéng c6 hanh vi hoic ngit nghia md phong két hop véi khai bao configuration. N6 don thuan xéac dinh
rang budc 1 configuration véi 1 entity . Rang budc d6 duoc thi hanh 1am chi tiét qué trinh md phong khi thiét
ké , va dén khi thiét ké xong thitong hop lai.

Mot architecture khdng c6 cac component instantiation , vi du architecture DEC_DATAFLOW c6 thé
chon thuc thé DECODER2x4 dé khai bao configuration:

Configuration DEC_CONFIG of DECODER2x4 is
For DEC_DATAFLOW
End for ;
End DEC_CONFIG;
DEC_CONFIG dinh nghia configuration d6 la viéc chon architecture DEC_DATAFLOW cho thuc thé
. Configuration DEC_CONFIG mo ta 1 configuration cho entity DECODER2x4 , c6 thé mod phong tai thoi
diem hién tai.

2.-5 KHAI BAO GOl (package) :

Mot khai bdo pakage sur dung chira tap hop nhitng khai b&o chung vao 1 kho , ciing nhu cac component
, CAc type , cac procedure, va cac function . Cac khai bao nay c6 thé dua vao don vi thiét ké khac ,sir dung
ménh dé use .

Sau day la vi du cua khai bao pakage :

Pakage EXAMBLE_PACK is
Type SUMMER is ( MAY,JUN,JUL,AUG,SEP );
Component D_FLIP_FLOP
Port (D,CK : in BIT ; Q,QBAR : out BIT );
End component;
Constant PIN2PIN_DELAY :TIME:= 125 ns ;
Function INT2BIT_VEC (INT_VALUE : INTEGER )
Return BIT_VECTOR,;
End EXAMBLE_PACK ;



Tén cua pakage l1a EXAMBLE_PACK , than n6 bao gom khai bao type , component ,constant,va function
. riéng hanh vi cua function n6 khéng xuét hién bén trong khai béo pakage , chi xuat hi¢n phan giao tiép voi
function . Phan dinh nghia hoac phan than cua function thi xuat hién trong than géi ( xem phan sau ).
M6 phong pakage nay duoc bién dich vao thu vién thiét ké goi la DESIGN_LIB . Bao gom cac ménh dé
sau co lién quan téi khai bao entity :

Library DESIGN_LIB,; -- this is a library clause.
Use DESIGN_LIB.EXAMBLE_PACK.all; --this is a use clause.
Entity RXis ...

Ménh dé library duoc tao tir tén cua thu vién DESIGN_LIB ma qué trinh md ta nhin thay dugc , con c6
ménh dé use va quan trong la khai bao alltrong pakage EXAMBLE_PACK , tat ca dugc dua vao khai bao
thuc thé RX.

Ngoai ra con cd thé chon cac khai bao tir khai bao pakage dwa vao 1 don vi thiét ké khac . Vi du :

Library DESIGN_LIB;

Use DESIGN_LIB.EXAMBLE_PACK.D_FLIP_FLOP;
Use DESIGN_LIB.EXAMBLE_PACK.PIN2PIN_DELAY;
Architecture RX_STRUCTUER of RX is ...

Hai ménh dé use tao tir khai bdo component cho D_FLIP_FLOP va hing PIN2PIN_DELAY ma
architecture c6 thé nhin thay dugc .

Tuong tu chon khai bao tirng phan trong pakage bang cac tén chon . Vi du :
Library DESIGN_LIB;
Package ANOTHER_PACKAGE is
Function POCKET_MONEY
(MONTH :DESIGN_LIB.EXAMBLE_PACK.SUMMER)
return INTEGER;
constant TOTAL_ALU: INTEGER ;
end ANOTHER_PACKAGE;

Kiéu khai bAo SUMMER trong pakage EXAMBLE_PACK Ia sir dung trong pakage hién hanh xac dinh
bing cach chon tén. Trong truong hop ndy , ménh dé use la khong can thiét . Pakage
ANOTHER_PACKAGE gom 1 khai bao constant véi gia tri cua n6 khdng xac dinh , ma né chi mé ta cho
deferrend constant. Gia tri ciia constant thay doi theo pakage tuong tng .

2.-6 THAN GOl (pakage body):

Than g6i s dung dé chtra nhitng dinh nghia cua function va procedure , chiing dugc khai bo trong
pakage twong @ng va khai béo constant cho deferrend constant xuat hi¢n trong khai bao pakage . Package
body ludn gén lién véi khai bao khéi , 1 khai bao pakage duy nhat chi c6 1 pakage body lién két voi n6 . Dicu
nay khac véi su lién két architecture va entity ,nhiéu architecture c6 thé lién két véi 1 khai béao entity .
Package body bao gom céac khai bao khac (xem chuong 9).

Day la package body cuia khai béo package EXAMBLE_PACK trong phan trudc :
package body EXAMBLE_PACK is
function INT2BIT_VEC (INT_VALUE: INTEGER)
return BIT_VECTOR is
begin



Behavior of function described here.
End INT2BIT_VEC;
End EXAMBLE_PACK;
Tén cua package body phai tring véi tén cia khai bao package body ma né lién két . D6 la diéu quan
trong , chi y nd chi khéng can thiét néu nhu trong khai bao package tuong tng khdng c6 cac function ,
procedure va deferred constant .

Sau day la package body lién két véi g6i ANOTHER_PACK trong phan trudc :
Package body ANOTHER_PACK is
Constant TOTAL_ALU : INTEGER :=10; --A complete constant
--declaration
Function POCKET_MONEY --Function body
( MONTH :DESIGN_LIB.EXAMBLE_PACK.SUMMER)
return INTEGER is
begin
case MONTH is
when MAY => return 5;

when JUN|SEP => return 6; -- when JUN or SEP.
when others => return 2; --when JUN or AUG.
end case;

end POCKET_MONEY;
end ANOTHER_PACK;

2.-7 KIEU PHAN TICH (Analysis ):

Déu dau tién 1 thyc thé dugc mo ta trong VHDL , nd ¢6 hiéu luc trong phan tich va mé phong . Budc
dau tién dé qua trinh c6 hiéu lyc la sy phan tich.

Phan tich tao 1 file bao gébm 1 hodc nhiéu don vi thiét ké ( 1 don vi thiét ké 1a 1 khai bao entity , 1
architecture , 1 khai bao configuration, 1 khai bao package hoac 1 package body ) va ching duoc bién dich
vao trong 1 form . Binh dang nay khong dinh nghia bang ngén ngit .

Trong sudt qua trinh bién dich ,phan tich 1am hiéu lyc cl phap va thyuc hién kiém tra ngir nghia .

Bo intermediate form dua vao trong thu vién thiét ké cac thu vién dang lam viéc . Thu vién thiét ké 1a
viing trong méi truong host ( may tinh ho trg cho hé thong VHDL ).

O day mé ta bién dich 1a cac kho luu tri.

MGi thu vién thiét ké c6 1 cai tén logic sir dung mé ta cho thu vién trong VHDL . Anh xa céc tén logic
nay vao viing luu trir vat ly ,1a ving danh riéng bai méi truong host va khéng dinh nghia bang ngén ngi.

Vi du thu vién thiét ké c6 thé bo sung 1 danh ba trong méi trudng host véi danh ba nay chta bién dich
cac don vi thiét ké.

Sy anh xa tén vat ly téi tén logic la sy 4nh xa bén trong file , d6 la diéu hé théng VHDL can phai phién
dich . Bét ky thu vién thiét ké nao ciing c6 thé ton tai trong qua trinh mé phong . Tat ca cAc thu vién thiét ké
c6 thé cling ton tai , 1 phan cua thu vién Ia thiét ké thu vién lam viéc véi tén logic 1a work .. Ngén ngir thiét
ké ludn md ta bién dich vao trong thu vién nay . Tai 1 thoi diém chi 1 thu vién dugc cap nhat vao . Hinh 2.8
chi ra qua trinh bién dich :

i =2




VHDL design file Working — {4 O
; O O
A design is : Ilbr_a_ryA o (87 BT
- entity declaration
- architecture body OO OO
- configuration declaration OO OO
- package declaration <15 053

- package body

Hinh 2.8 The compilation process.

Thu vién thiét ké véi tén goi 1a STD duoc dinh nghia trudc trong méi truong VHDL . Thu vién nay c6
2 package STANDARD va TEXTIO . Package STANDARD gom nhitng khai b&o cho tit ca cac kiéu dinh
nghia truéc caa ngdn ngit ( BIT,TIME,INTEGER...), package TEXTIO bao gom cac procedure va cac
function can thiét dé doc va viét trong qua trinh hoat dong.

) O day con c6 IEEE package chuan ,goi STD_LOGIC_1164 ,package nay dinh nghia 1 nine_value cua
kieu logic,goi la STD_ULOGIC va cac kieu con cua no dieu khién cac function va cac ti¢n ich khac . Tiéu
chuan nay goi la IEEE.STD_1164 1993.

2.-8 MO PHONG (simulation):

Mot mo ta mé hinh 1a dua két qua bién dich vao trong 1 hozc nhiéu thu vién thiét ké , budc ké tiép trong
qua trinh thyc hién la md phong.

Kién tric thuc thé dé m6 phong la tat ca nhitng thanh phan & muc thap caa n6 phai duoc mé ta bang hanh

Vi.
Sy md phong c6 thé thyc hién 1 trong 2 phan sau :

+ Mot khai bao entity va architecture body.

+ Mot configuration.

Qué trinh mé phong gém 2 budc 16n :

1. Elaboration phase : trong phan nay kién trdc cia entity la mg rong va lién két , cac component
huong dén cac entity trong thu vién , va giai doan dau cua entlty tao nén mang hanh vi dé doc cho
qua trinh m6 phong . Ngoai ra con cung cap vung cac tin hiéu , cac bién va khai béo hang trong thiét
ké . Gia tri ban dau gan cho bién va hang . Céc file s& dwoc ma néu né dugc chi ra trong khai bao cia
ching.

2. Initialization phase : Két qua cac tin hiéu anh huong duoc tinh toan , tin hiéu an ( ban luan &
chuong sau ) dugc gan tri ,cac process dugc thuc thi cho dén khi bi treo va thoi gian md phong 1a 0
ns.

Sy mo phong bét dau bang thoi gian tang dén khi c6 sy kién ké. Céc gia tri d6 dwoc gan cho céc tin higu .
Néu gia tri cua tin higu thay doi va néu tin higu d6 ton tai trong danh sach tham khao cua process ,process s&
thyc thi cho téi khi bi treo . Két thiic md phong khi xuat hién sy vi pham cua 1 khai bao (assertion), phu
thuoc vao qua trinh bd sung cua héthdng VHDL ( phét biéu assertion dugcban trong chuong 4) hoic khi thoi
gian qua I6n so vai dinh nghia cua ngdn ngir .



CHUONG 3 : PHAN TU NGON NGU CO BAN

Chuong nay mé ta nhitng phan tir co ban caa ngdn ngit. Nhitng ddi tuong dit liéu dua vao chira gié tri cia
kiéu d4 qui dinh, dung vay, chliing mé ta nhitng gia tri khong d6i va nhiing yéu té diéu khién (nhiting yéu t6
nay diéu khién gia tri dir liéu)

. Mdi dbi tugng dit liéu phu thudc vao kiéu dic trung .Phan loai bién cua kiéu va ct phép cho nhitng kiéu dac
trung do nguoi sir dung dat ra duwoc ban & day .Chuong nay ciing md ta phuong phap 1am thé nao dé két hop
kiéu véi d6i tuong bang cach sir dung nhitng khai bao ddi twong

Mot viéc rat quan trong 1a hiéu dugc nhirng luu y vé kiéu dir lieu va @i tuong tir khi VHDL 1a ngén ngit
kiéu rd rang .(khong theo qui tic: strongly typed language).C0 nghia la nhirng toan tir va nhitng phan chia
duoc cho phép trong ngdn ngi chi la kiéu ciia toan hang va két qua tinh toan tly theo nhiing qui tic ,n6
khéng cho phép di tugng va literals ciia nhitng kiéu khac nhau duoc tron 1an tu do trong expresssion

Thi du cua luét toan tu thém gia tri real vao 1 gia tri nguyén ( integer ) va qui 1 gia tri luan ly (boolean) cho
mot doi tuorng kiéu BIT .Vi thé cho nén rat quan trong dé hiéu la kiéu nao va lam thé nao dé sir dung chinh
X&c trong ngdn ngir

Lan dau tién nguoi doc ¢ thé mong mudn bo qua doan ndi vé kiéu ,khdng day di kiéu va nhirng tap tin kiéu
tir khi nhitng chat liéu 1a cao cap hon .

3.1 IDENTIFIERS:

C6 hai loai cua identifiers trong VHDL gom : identifiers co ban va identifiers mo rong .Mét identifiers co
ban trong VHDL bao gém nhiing phéi hop ciia 1 hoac nhiéu ky tu. Nhitng ky tu cho phép 1a mot letter hoa
(A...Z), mot letter thuong (a...z), mot sé digit (0...9) hoic ky tu gach dudi( _ ) .Ky tu dau tién trong mot
indentifier co ban phai 1a 1 letter va ky tu cudi cing c6 thé khong la ky tu gach dudi .Chir hoa va chir thuong
dugc xem nhu ddng nhit khi sir dung trong 1 identifier co ban , vi du nhu : Count, COUNT, CouNT tét ca
déu dugc xem nhu nhau trong identifier co ban . Tuong ty , hai ky tu gach dugi khong thé xut hién lién
tiép nhau. M6t sb vi du cho identifiers co ban :

DRIVE_BUS SelectSignal RAM_Address

SET_CK_HIGH CONST32 59 r2d2

Mot identifier mé rong 1a phoi hop cua nhitng ky tu duoc viét gitra hai dau (\ \).C6 thé st dung nhitng ky tu
bat ky ,dua vao nhiing ky tu nhu :,!,@,”, and $ .Trong mét identifier ma rong ,ky tu hoa va ky tu thuong
dugc phan biét 1a khac nhau rd rang .Mat sé vi du identifier mé rong :

\TEST\

\-25\

\2FOR$\

\~Q\

\process\

\~GrrHxH|




\7400TTL\

[ RS

\Count\  khac \COUNT\

Loi chi giai phai duoc dat trudc bang hai dau (-) lién tiép nhau 101 chd thich thuong dat ¢ cudi dong hoac
dat tai mot vi tri bat ky .

Vidu:

—-this is a comment ; it ends am tiét the end of this line .

entity UART is end;--This comment starts after the entitydeclaration

Ngon ngir xac dinh mét tap tir (words) dinh truéce ,ching duoc liét ké trong chuong 1

Nhiing tir ndy ciing c6 thé goi 1a tir khda(keywords),co6 mét ¥ nghia rd rang trong ngdn ngit va do d6 khong
thé str dung nhu nhitng identifier co ban

3.2 Péi twong dir liéu : (data objects)

Mot d6i tugng dir liéu gitt mot gia tri cua mot kiéu dir liéu rd rang. N6 dugc tao bai y nghia cia mot khai
bao dbi tuong.Vi du nhu :
variable COUNT : INTEGER ;
Két qua ndy trong phan tao ra caa mot ddi twong dir liéu goi 1a COUNT, né c6 thé giir gia tri nguyén. Doi
tuong COUNT ciing duoc khai bao 1a 16p bién (variable class )
MJ3i mot dbi tugng dix liéu phu thudc vao mét trong bén 16p sau :

1. Constant : mot d6i tuong cua lop constant (thuong duoc goi la constant) c6 thé

gitr mot gia tri duy nhat cua kiéu da cho. Gia tri nay duoc gan cho mot constant truéc khi bat dau , va gia tri

khéng thé thay doi trong sudt trwang hep. dé khai bao mot constant trong mot subprogram, gia tri s& duoc

gan cho constant & mdi thoi diém chuong trinh con (subprogram) duoc goi

2. Variable (bién) : mot 16p @i tugng bién ( thuong goi la variable) co thé gitr mot gia tri duy nhat cua kiéu
da cho .Tuy nhién trong truorng hop nay gia tri khac nhau c6 thé duoc gan vao bién tai nhitng thoi diém
khac nhau (str dung biéu thic gan bién )

3. Signal (tin higu) : Mot doi _tuong tuy thugc vao lop tin higu thuong goi la signal ,gilr 1 loat cac gia tri
,nhitng  gia tri nay bao gom gia tri hién hanh cua tin hiéu va 1 tap hop céc gia tri tuong lai c6 thé
co(xuat hign trong tin hiéu) .Nhiing gia tri tuong lai c6 thé dugc gan cho 1tin hiéu (sir dung cho mot
biéu thirc gan tin hiéu )

4. File (tap tin) :1 ddi tuong tay thuoc vao I6p tap tin (thuong goi la file).Bao gom nhiing gia tri lién tiép

nhau .Nhiing gia tri ¢ thé dugc dat hoac dugc viét vao 1 file sir dung cho nhitng chuong trinh con doc
va nhitng chwong trinh con viét tuong tng .
Tin hiéu c6 thé dugc coi nhu mot day trong mach ,khi nhitng bién va hang giéng nhau ¢ nhitng bién
dém trong nhitng ngdn ngir lap trinh bac cao nhu C hoic PASCAL .Tin hiéu duoc coi nhu nhau (sir
dung nhitng kiéu thiét ké day va FLIPFLOP.Khi nhitng bién va hang nay duoc sir dung dé thiét ké
hanh vi mach dién .1file dugc str dung nhu mot kiéu mau tap tin trong méi truong chinh .

Mot khai bao déi twong dugc st dung cho viéc khai bdo ddi twong ,kiéu cua nd va lop cua nd .Mot gié tri co

thé duoc gan tly y cho mét tin hiéu ,1 bién hoidc 1 hang .Ddi véi 1 file ,mot khai bao ddi tugng co thé c6

thdng tin rd rang trong viéc lam thé nao dé ma 1 file

CONSTANT DECLARATIONS :

Nhing thi du khai bao hang nhu sau :

constant RISE_TIME:TIME:=10 ns

constant BUS_WIDTH:INTEGER:=8;

Khaibao dau tién Ia khai bdo doi twong RISE_TIME n6 c6 thé chira gid tri cua kiéu thoi gian (mot kicu

dugc khai bao trudc trong ngdn ngir )va gia tri duoc gan vao ddi tuong tai thoi diém 1a 10 ns .Bién hang thir

hai dugc khai béo 1a BUS_WIDTH,véi kiéu sb nguyén ,gia tri 1a 8

Mot thi du khac minh hoa cho viéc khai bao hang 1a :

constant NO_OF_INOUTS:INTEGER,;




Gi4 tri hang khéng dugc rd rang trong truong hop nay .Nhu vay né dugc goi la mot hang tri hodn .N6 chi c6
thé xuét hién trong khai bao g6i .mét khai bao hing day di voi gia tri két hop phai xuét hién trong phan
than gai tuong tng

VARIABLE DECLARATIONS :

Mot s6 thi du khai bao bién 14 :

variable CTRL_STATUS :BIT_VECTOR (10 downto 0);

variable SUM :INTEGER range 0 to 100 :=10;

variable FOUND,DONE:BOOLEAN;

Khai bao dau tién chi rd 1a mot ddi tuong bién CTRL_STATUS la mot dy c6 11 phan tir ,véi mi phan tur
trong day c6 kiéu 1a BIT.Trong khai bao thtr hai gia tri dau thé hién dugc gan vao bién SUM,Khi truong hop
bat ddu ,SUM s& c6 gié tri khoi dau 1a 10 .Néu khong c6 gié tri dau rd rang cho moi bién .Gia tri mac dinh
s& duoc sir dung nhu mot gia tri khai dau .Gia tri mac dinh nay 13 T'LEFT.Khi T la déi twong va ‘LEFT la
thudc tinh duoc xac dinh trudc cua kiéu d duoc dat ra cho gia tri cuc tréi trong tap hop gia tri phu thugc co
kiéu T .Trong khai bao thir ba,gia tri khoi dau s& duoc gan cho FOUND va DONE trong truong hop gié tri
hai dau la sai (sai la gia tri cuc trai cua kiéu BOOLEAN xac dinh truéc ).Néu kiéu ciia mot bién 1a kiéu day
hozc 1 kiéu record gia tri khai dau caa mdi phan tir trong day cia CTRL_STATUS la ‘0’

SIGNAL DECLARATIONS

sau day la nhirng thi du cua khai bao tin hiéu :

sihnal CLOCK:BIT;

signal DATA_BUS :BIT_VECTOR (0 to 7):

signal GATE_DELAY:TIME:=10 ns;

Viéc giai thich cua nhitng khai b4o tin hiéu thi rat giong nhau ddi voi khai bao bién .Khai bao tin hiéu dau
tién Ia khai bao tin hi¢u CLOCK cua kiéu BIT va lay gia tri dau 1a ‘0’ (0 la gia tri cuc trai cua kiéu
BIT).Khai bao tin hi¢u thir ba la khai b4o d6i tuong tin hiéu GATE_DELAYcua kiéu thoi gian c6 gia tri dau
14 10 ns

FILE DECLARATION:

Mot file dugc khai bao sir dung khai bao file vai cd phap khai bao file la :

file file_nam :file-type- name[[open mode] is string-expression];

chudi biéu thirc dugc 1am sang té boi mdi truong chinh nhu tén vat ly coa file .Kiéu ghi chu trong truong hop
tap tin d duoc st dung nhu kiéu chi duoc doc hoac chi dugc viét ,hoac trong kiéu ndi. Sau day la mot s thi
du khai bao file :

Type STD_LOGIC_FILE is file of STD_LOGIC_VECTOR;

Type BIT_FILE is file of BIT_VECTOR,;

file STIMULUS :TEXT open READ_MODE is “usr /home/james/add.vec”;

file PAT1,PAT2:STD_LOGIC_FILE

OTHER WAYS TO DECLARE OBJECTS:

Khong c6 ddi twong nao trong mot md ta VHDL dugc tao ra rd rang dé sir dung khai bao déi tuong .Nhitng
d6i tuong khac nhu mét trong nhirng ddi twong sau :
1. nhitng cong cua thyuc thé .tat ca cong la di tugng tin hiéu
2. generic cua thyc thé ,chdng 1a déi tuong khong doi
3. Théng s hinh thirc ciia ham va tha tuc .Théng s6 ham 1a hang hozc tin higu ,théng sé thu tuc c6 thé phu
thuoc vao bat ky 16p ddi tugng nao .
Thi du sau minh hoa cho khai b4o an trong mét phat biéu lip FOR :
for COUNT in 1 to 10 loop
SUM:=SUM+COUNT;
end loop;



Trong phét biéu lap FOR nay ,COUNT la mét hing dugc khai bdo an cua kiéu integer trong khang tir 1 dén
10 .Vi thé khong thé khai b4o rd rang .Hang COUNT dugc tao ra khi vao vong lip dau tién va khéng con ton
tai khi thoat khoi vong lap

3.3 DATATYPES :

MJi d6i tuong dir lieu trong VHDL c6 thé giit 1 gia tri phu thudc vao tap gia tri duoc xac dinh bai viéc
str dung mot khai bao kiéu .Mét kiéu 13 1 tén két hop vai 1 tap gia tri va mot tap tac vu .Nhitng kiéu nao d6
va nhitng tac vu duoc trinh bay trong déi tuong cua kiéu d6 thi duoc dinh nghia trude trong ngén ngir . Thi
du kiéu integer 1a 1 kiéu khdng xac dinh vai tap gia tri 1a nhitng sé nguyén trong viing xac dinh dugc cung
cap bai hé théng VHDL .\Vang tdi thiéu phai duoc cung cap 1a -(2*-1) dén (2°'-1).Céc tac vu thuog xuyén sir
dung la:

+,-,*,/ va boolean co hai gié tri Ia true va false cung voi nhung tac vu OR,AND,NOR... va NOT.Khai bao
cho 1 kiéu duoc dinh nghia truéc dugc khai bao trong géi chuan standar.Nhiing toan tir cho nhitng kiéu nay
duoc dinh nghia truéc trong ngdn ngir .Ngoai ra con nhitng kiéu khac c6 thé ton tai trong ngdn ngir duoc
phén thanh 4 loai sau :

1. Scalar type (kicu vo huéng):nhirng gid tri phu thugc vao nhirng kiéu xuat hién theo thu ty lién tuc

2. Kiéu composite (da hop):gom nhitng phan tir kiéu don I¢,kiéu day hoac nhitng phan tir kiéu khac nhau
3. Kiéu access Cung cap thém vao d6i tuong da cho theo duong con tro

4. Kiéu file : Cung cap thém vao ddi twong chtra dung mot day gia tri cua kiéu da cho

C6 thé nhan duoc nhitng kiéu con tir nhitng kiéu duoc dinh nghia trudc do ngudi sir dung dinh nghia.

3.3.1.SUBTYPE :Kiéu con la 1 kiéu véi diéu kién xac dinh mot tap gia tri con cho mot kiéu con.mot di
tuong duoc goi 1a kiéu co s¢ .Mét kiéu duoc goi 1a kiéu con néu né phu thudc kiéu co sé va théa man diéu
kién khai bao kiéu con
Thidu:

Subtype my-integer is integer rang 48 to 156

type digit is (‘0°,'1°,°2,"3","4,’5,"6,"7,"8,"9"):

subtype MIDDLE is DIGIT range ‘3’ to’7’;

3.3.2 SCALAR TYPE:

Nhitng gia tri cua kiéu nay duoc sip xép ¢ nghia 1 tac vu quan hé c6 thé dugc sir dung cho nhiing gia
tri nay .Thi du
BIT 1a mot kiéu scalar type va biéu thirc “0’<’1” la ding va c6 gia tri 1a true .C6 4 loai kiéu v huéng khéc
nhau dé la :
1. enumeration

2. integer

3. physical

4. floating point
Xét mdi kiéu :

1. Enumeration (Kiéu liét k&) :Mot khai bao kiéu liét ké dinh nghia mét kiéu tap hop nhitng gié tri duoc
nguoi str dung dinh nghia bao gom nhitng dac tinh va nhirng ky tw . Thi du :

type MVL is (‘U’,’0’,’1°,°Z’)

Trat tu cac gia tri xuét hién trong khai bao kiéu liét ké dinh nghia thir ty caa chiing .C6 nghia la khi sir dung
céc todn tir quan hé 1 gia tri lubn it hon gia tri bén phal cua nod trong trat tu

2. Integer : Pugc dinh nghia Ia 1 kiéu tap hop nhitng gia tri roi vao vang s nguyén duoc chi ra .Thi du

TYPE index is range 0 to 15;
type WORD_LENGTH is range 31 downto 0;
Nhing gia tri kiéu nguyén dugc goi la tham so6 nguyén

3.Floating point : )
Kiéu floating point c6 mét tap gié tri trong vung so thyc .Thi du
Type TTL_VOLTAGE isrange -5.5to -1.4;




type REAL_DATA is range 0.0 to 31.9
Gigi han diéu kién xac dinh trong 1 khai bao kiéu floating point phai 1a ¢ dinh hoac nhitng biéu thic tinh
cuc bo .
floating point literal Ia gia tri cua kiéu floating point .Mat vai thi du cua floating point literals Ia:
16.26 0.0 0.002 3142
floating point literals khac nhau tir literals sb nguyén (integer literals) bai sy c6 mat caa dau (.) (the dot), du
vay 0 la mét literal nguyén khi 0.0 1a mét floating point literal .
floating point literals ciing c6 thé dugc trinh bay theo mét kiéu sé6 mii.S6 mii duoc trinh bay thanh mét luy
thira cua 10 va gia tri sé mii phai 1a mot s6 nguyén Vi du nhu :
62.3E-2 50.E+2
s6 nguyén va floating point literals ciing c6 thé duoc viét trén nén khéac hé thap phan (decimal).Nén c6 thé 1a
bat ky gié tri nao tir 2 dén 16 .Do d0 literals c6 thé goi 1a based literals .Trong truong hop nay ,s6 mi biéu
dién thanh 1 lity thira trén mot nén dugc giai thich .CG phap cho mot based literals 1a :
base# based _value# --form 1
base# based _value#E exponent --form 2
Mgt s6 vi du :
2#101_101_000# biéu dién cho (101101000), =(360) trong hé thap phan
16#FA# biéu dién cho (FA)ys = (11111010), = (250) trong hé thap phan
16#E#E1 biéu dién cho (E)is *(161)=14*16=(224) trong hé thap phan
2#110.01# biéu dién cho (110.01), =(6.25) trong hé thap phan
Nén va gié tri sé mii trén 1 based literal phai & trong mot ky higu thap phan
Chi ¢6 duy nhat kiéu floating point Ia REAL .Ving caa REAL la sy Ié thudc vao bo sung mét lan nira ,nhung
it nhat phai trai trong viing giGi han tir -1.0E38 dén +1.0E38,va phai do chinh xac it nhat 6 sb thap phan .

4.Physical types

Mot kiéu physical chira dung nhirng gid tri twong trung cho kich thudc cua mét vai tiéu chuan do luong
chat luong ,nhu thoi gian ,dién &p, luong dién .Gia tri cia kiéu nay biéu dién nhu mot boi s6 nguyén cua 1
base unit .Vi du cua mot khai bao kiéu physical 1a :

Type CURRENT is rang 0 to 1E9

units

nA; -- Nano_ampere
uA =1000nA; --micro_ampere
mA =1000uA;-- milli_ampere
Amp =1000mA; --ampere

end units;

Subtyoe FILTER_CURRENT is CURRENT range 10 uA to 5 mA;

CURRENT xac dinh cho 1 kiéu physical ,n6 chira dung gié tri tir 0 nA cho dén 10°nA.nén unit 1a mot
nano_ampere ,khi tat ca nhitng cai khac déu lay tir units.Vi tri s6 cua gia tri 1a s6 cua nén units tugng trung
boi gia tri nay .Vi du :
2UA c6 mét vi tri 2000 khi 100nA c6 vi tri 100.Vang cua gia tri 6 thé bao gom ca nhitng gié tri am.
Viduy:
Type STEP_TYPE is range -10 to +10
units
STEP; --base unit
STEP2=2STEP;--chuyén hoa tir unit
STEP5=5STEP;--chuyén hoa tir unit
end units;

Gia tri trong kiéu nay tir -10 STEP cho dén +10 STEP .Nhiing unit khac ciia kiéu nay 1a STEP2 va STEP5



Gia tri cua kiéu physical(vat ly ) dwoc goi 1a Physical literals. Physical literals dugc viét nhu mét integer hoac
1 floating point literaltheo sau boi tén unit.Vi du :”10 nA” la literal physical(luu y khoang giita 10 va nA la
can thiét ),khi “Amp” cting la 1 literal ,n6 ngu y la 1 Amp .Nhirng vi du khéc la :

100 ns

Vv

50 sec

Kohm xem nhu 1Kohm

5.2 mA twong duong 5200uA
2.5 STEP2 tuong duong 5 STEP
5.6 nA la 5nA

7.2 STEP  1a7 STEP (phan phan s d4 dugc lam tron)

Kiéu vat ly chi dugc khai béo trude 1a TIME,va nam trong ving gia tri nén (base unit).Vung nay I¢ thudc vao
bo sung mét lan nira ,nhung it nhét phai trai trong viing giéi han tir -(2%'-1) dén +(2°'-1).Day ciing 1a mat kiéu
subtype physical khai bao truéc .Khai bao ciia kiéu TIME va kiéu con DELAY_LENGHT xuét hi¢n trong goi
chuian (STANDARD)

3.3.3 COMPOSITE TYPES :

Kiéu da hop tuong trung cho sy tap hop céc gia tri .C6 hai kiéu da hop :kiéu diy  ( ararraytype ) va kiéu
record ( record type ) . Mot kiéu array dai dién cho mét tap hop ciia cac gia tri phu thudc vao mat kiéu duy
nhat, mat khac ,kiéu record dai dién cho mot tap céc gia tri phu thudc vao cac kiéu khéc nhau .Mét dbi tugng
phu thudc vao kiéu da hop cho nén dai dién cho mot tap hop cua cac ddi tugng con (subobjects),mot trong
moi phan tir cia kiéu da hop.Kiéu da hop c6 thé c6 gia tri phu thudc vao kiéu v huéng (scalar type), mot
kiéu da hop, hoic mét kiéu thém vao (access type)

ARRAY TYPES:
Mot d6i tuong kiéu day bao gom nhitng phan tir c6 cing mét kiéu Vi du mét khai béo day nhu sau :
type ADDRESS_WORD is array (0 to 63) of BIT,;
type DATA WORD is array (7 downto 0) of MVL;
type ROM is array (0 to 125) of DATA_WORD,;
type DECODE_MATRIX is array (POSITIVE range 15 downto 1, NATURAL range 3 downto 0 ) of MVL,;
subtype NATURAL is INTEGER range 0 to INTEGER’HIGHT;
subtype POSITIVE is INTEGER range 0 to INTEGER’HIGHT ;
Vi du nhirng kiéu khai bao str dung nhitng kiéu trén 1a :
variable ROM_ADDR:ROM;
signal ADDRESS_BUS:ADDRESS_WORD;
constant DECODER:DECODE_MATRIX;
variable DECODE_VALUE:DECODE_MATRIX;
ADDRESS_BUS la mét ddi twong dy thir nguyén (one_dimensional)né bao gom 64 phan tir c6 kiéu
BIT , ROM_ADDR la mét ddi tugng dy thir nguyén (one_dimensional)né bao gom 126 phan tir méi phan
tir 13 di twong day khéac chira dung 8 phan tir cia kiéu MVL .Vay ta da c6 day cua day .

Nhitng phan ti coa day co thé duoc gia tang boi viéc liét ké gia tri trong mot ddy .Thi du
:ADDRESS_BUS(26)  chuyén dén phan tir the 27 cia d6i twong  ddy
ADDRESS_BUS.ROM_ADDR(10)(5) chuyén dén gia tri (cia kiéu MVL) tai index 5 cia ddi tuong
dir liecu ROM_ADDR(10) (cua kiéu DATA_WORD),DECODER(5,2) chuyén dén gia tri cia phan
tir tai cot thir hai va hang tha nam cua ddi twong 2 ddy thi nguyén (two_ dimensional) .Luu y su
khéc nhau trong dia chi cua 1 kiéu day two_dimensionalva mot dy cua mot kiéu 1a mot day cia mot
kiéu khac .



Ngbn ngir cho phép mét s tly y vai kich ¢& ¢6 thé hop véi mot ddy .NG ciing cho phép mét ddi tugng
day c6 thé duoc gan cho mét dbi tugng day khéc c6 cing kiéu c6 bai do str dung mot phat biéu gan .Phép gan
c6 thé tao ra mot day nguyén ven .hoic mot phan cua day .

Thi du :

ROM_ADDR(5):=701000100”  --gan cho mdt phan tir cia mot day
DECODE_VALUE:=DECODER; --mdt kiéu diy nguyén ven d4 dugc gan
ADDRESS_BUS(8 to 15)<=X"FF” -- gan cho mot phan caa mot day .

Nhitng thi du cua cac kiéu day trén 1a bat budc cho nhitng khai bao day ,thi s6 hrong cua nhitng
phan tir trong kiéu 1a rd rang .Ngdn ngit ciing cho phép nhirng kiéu day c6 thé khong gisi han .Trong
truong hop ndy s6 phan tir trong day thi khong rd rang trong khai béo kiéu .L& ra ,mot khai béo doi
tugng cho mot abi tuong ma kiéu d6 khai bao sb phan tir ciia ddy .M¢t rang bugc khai bao subtype
kleu day ciing c6 thé rd rang do viéc rang bugc liét ké cho mot kiéu day khong rang buoc .Mot tham
s6 chuong trinh con c6 thé 1a mot kiéu khong rang budc .trong truong hop nay rang bugc chira dung
tir nhirng tham sé thuc qua trong suét lan goi churong trinh con (chuong trinh con duoc ban téi &
chuong 8) .Thi du cua khai bao ddy khong rang budc la :

Type STACK_TYPE is array (INTEGER rang <>)
of ADDRESS_WORD;
subtype STACK is STACK_TYPE (0 to 63);
type OP_TYPE is (ADD,SUB,MUL,DIV);
type TIMING is array(OP_TYPE range <>,0P_TYPE range <>)
of TIME;
Nhitng thi du ciia viéc khai bao cua nhitng kiéu déi tuong trén Ia :
variable FAST_STK :STACK_TYPE ( -127 to 127);
constant ALU_TIMING:TIMING:=--ADD,SUB,MUL

((10 ns, 20 ns, 45 ns), --ADD
(20 ns, 15 ns, 40 ns), --SUB
(45 ns, 40 ns, 30 ns)) --MUL

STACK_TYPE duoc xac dinh la mét kiéu ddy khdng rang budc dugc lam rd bai phan liét ké cua day
nhu mot kiéu integer,va kiéu phan tir nhu kiéu ADDRESS_WORD .STACK la mot kiéu con ciia kiéu
nén STACK_TYPE véi phan rang budc dugc liét ké thir ty .khai bao bién cho FAST_STK xéc dinh
boi kiéu STACK_TYPE , ciing duoc lam ré boi rang bugc liét ké.Hang ALU_TIMING dinh rd thoi
gian cho 2 toan tr ALU,khi toan tir c6 thé 1a ADD,SUB hoic MUL Thi du mot ALU c¢6 thé dong vai
tro todn tu ADD va SUB c6 tri hodn 20 ns .Khai bdo cho ALU_TIMING Ila truong hop dac biét cua
khai bao hang .Khi khéng rang budc can chi rd kiéu day khéng rang budc vi thé kiéu cia déi tugng
hang duoc x4c dinh tir s6 ciia nhitng gia tri trong hang .

C6 hai kiéu day khdng rang budc thir nguyén duoc xéac dinh trude trong ngon ngir .STRING va
BIT_VECTOR .STRING la mot kiéu day cua tu ,trong khi BIT_VECTOR la kiéu day cua BIT.
Vi du nhie la :
variable MESSAGE:STRING(1 to 17) :="hello,vVHDL World”;
signal RX_BUS :BIT_VECTOR (0 to 5) :=0"37’;
--0737” la mot chudi thuc xuat hién lai & gia tri 37
constant ADD_CODE :BIT_VECTOR :=(*0’,"1",’1",’1",°0");

Mot gia tri dai dién cho mét day thir nguyén cua ky tu duoc goi la string literal. string literals duoc
viét boi ddy ky tu trong dau nhay doi .
Nh@ng vi du string literals la:

“THIS IS ATEST”
“SPIKE DETECTED ! *
“State “’"READY”” entered !”



Mot string literal c6 thé duoc gan cho nhing kiéu khéc nhau caa mot ddi twong ,vi du ,cho mét ddi
tuong kiéu STRING hoac mét kiéu ddi twong BIT_VECTOR .Kiéu ciia mot string literal duoc xéac
dinh tir pham vi noi ching xuat hi¢n .Sau day la nhiing vi du :

---example 1 :

variable ERROR_MESSAGE :STRING(1 to 19);

ERROR_MESSAGE:="fatal ERROR :abort !";

---example 2 :

variable BUS_VALUE :BIT_VECTOR (0 TO 3);

BUS VALUE:="1101";
.Trong vi du dau tién , string literal 1a kiéu STRING ,trong khi d6 ,trong thi du 2 ,string literal c6
kiéu BIT_VECTOR .Kiéu ciia mot string literal ciing c6 thé c6 trang théi rd rang bai st dung biéu
thuc dinh lugng (qualified expression)
Mot string literal dai dién cho mot loat BIT lién tuc (gia tri caa kiéu BIT),ciing c6 thé duoc xuét hién
nhu mét bit string literal .Nhitng BIT lién tuc nay goi 1 bit strings ,c6 thé dugc thé hién lai nhu mot
gi tri nhi phan ,mét gia tri octal ,hoic mot gia tri hexa decimal.Ky tu gach dudi c6 thé ty do sir dung
trong mét bit string literal cho trong sang dé hiéu.Vi du nhu:

X”FFO” --X for hexa decimal .
B”00 0011 1101” --B for binary .
07327” --O for octal .

kiéu cua mot bit string literal ciing c6 thé dwoc xac dinh tir pham vi noi né xuét hién Vi du nhu :
Type MVL is (‘X’,’0°,°1",°2");

type MVL_vector is array (NATURAL range <>) of MVL;

variable FXA:MVL_VECTOR (0 to 3);

variableBRY:BIT_VECTOR(7 downto 0);

FXA:=B”01_007;
BRY:=X"AB”;

Mot chudi bit thuc sy trong phét biéu gan dau tién 1a kiéu MVL_VECTOR,trong khi chudi bit
thyc trong phét biéu gan thr hai la kiéu BIT_VECTOR.
C6 rét nhiéu diém khac nhau trong viéc gan gia tri cho mot ddi tugng ddy.Sau day la nhiing thi dy :
varibale OP_CODES:bit_vector(1 to 5);
OP_CODES:="01001"; --Mot chudi duoc gan
OP_CODES:=(*0","1",’0",’0","1") --Gia tri d¢au dwoc gan cho OP_CODES(1),gia tri thu hai dugc gan
cho OP_CODES(2),va cur thé .
OP_CODES:=(2=>"1", 5=>"1’, others=>’0)--phan ti thir hai va thir nam caa OP_CODES dugc gan
cho gié tri *1’ va nhitng gié tri con lai dugc gan cho ‘0’.
OP_CODES:=(others=>0"); --tat ca c4c gia tri dwoc dat vé 0.

Luu y khi stir dung nhitng tir khda khdc c6 nghia chi nhitng gia tri khdng duogc gan trudgc do khi st
dung ,ching phai 1a két hop cudi cung .Biéu thic sir dung 3 phép gan cudi cling cho OP_CODES la
nhitng thi du cua kiéu ddy tong hop(array aggregate) .Mot aggregate 1a tap hop nhitng phan tir cach
nhau boi diu phay riéng lé (comma_separated)dugc dong ma khdng c6 ngoac don (parenthesis).

KIEU RECORD:

Mot dbi tugng cua kiéu record bao géom nhirng phan tir ging nhau hoic khac nhau kiéu .Mt kiéu
record thi twong dwong véi kiéu dir liéu record trong PASCAL va khai bao két cdu trong C.Thi du
kiéu khai bao record nhu sau :

typePIN_TYPE is range 0 to 10;
typeMODULE is
record

SIZE:INTEGER range 20 to 200;



CRITICAL_DLY:TIME
NO_INPUTS:PIN_TYPE;
NO_OUTPUT:PINTYPE ;
end record;
Gié tri c6 thé dugc gan cho nhitng ddi twong record str dung tong hop . Thi du nhu
variable NAND_COMP:MODULE;
NAND_COMP la mot ddi twong kiéu RECORD kiéu MODULE
NAND_COMP:=(50,20 ns,3 ,2);
--Ngu y 50 duoc gan cho size ,20 ns duoc gan cho CRITIAL_DLY,v.v
Gi4 tri dugc gan cho mot ddi twong record tir mot ddi twong record khac cé cung kiéu sir dung biéu thic gan
riéng I¢ .Trong thi du sau mdi phan tir citaNAND_GENERIC dugc gan cho gia tri ciia phan tir tuong tung
trong
-NAND_COMP.
Signal NAND_GENERIC : MODULE ;
NAND_GENERIC<=NAND_COMP;
mdi phan tir ciia dbi tuong record cung c6 thé dugc gan riéng I¢é boi viéc st dung nhiing tén lya chon .
Thi du :
NAND_COMP.NO_INPUT:=2;
Gia tri tong hop c6 thé dugc gan cho nhiing dbi twong record (sir dung ca hai :vi tri va tén két hop
).Do @6 mot kiéu cua téng hop duoc xac dinh tir pham vi ma n6 sir dung . Tong hop c6 thé 1a mot day hoic 1
record tong hop ,tly thugc vao cach sir dung .
Thi du :
CAB:=(others=>"0’);
Néu CAB la mot doi tuong kicu day tong hop duoc dbi xir nhu mot ddy tong hop .N6i mot cach khéac
Néu CAB la mét ddi twong kiéu record tong hop 1a mét record tong hgp & noi nhiing phan tir khéc duoc gan
cho tat ca cAc phan tir trong record .

3.3.4 ACCESS TYPES o )

Gia tri thy thugc 1 kieu access la nhitng pointer den doi tugng dugc chi ra cua nhitng kieu khac .N6 tuong
tu nhu nhitng pointer trong ngén ngir PASCAL va ngbn ngir C.Nhing thi du cta khai b4o kiéu access nhu
sau :

--MODULE Ia kiéu khai bao record trong doan sau :

type PRT is access MODULE;
type FIFO is array(0 to 63 ,0to 7) of BIT;
type FIFO_PTR is access FIFO;

PTR la mot kiéu access ,nhitng gié tri ciia n6 1a nhitng dia chi vach ra di tuong cua kiéu MODULE .Mai mot
kiéu access ciing c6 thé c6 gia tri rong ,c6 nghia 1a né chua dugc chi dén bat ky dbi twong nao .Nhiing dbi
tuong cua mot kiéu cé thé chi tiy thuoc vao I6p bién .khi mot dbi tuong ciia mot kiéu access dugc khai bao
.Gié tri mac dinh cua ddi twong d6 1a NULL .

Thi du :

variable MOD1PTR,MOD2PTR:PTR—Gia tri mac dinh la NULL

Déi twong ma kiéu accesss chi dén co thé dugc tao bang cach sir dung allocators , allocators cung cap 1
co cAu dé tao ra mot ddi tueong nhu mot kiéu rd rang
MOD1PTR:=new MODULE;
new trong phép gan la nguyén nhan ddi tuong cua kiéu MODULE d4 duoc tao ,va chi dén di tuong tra vé
Nhiing gia tri cua nhitng phan tir ciia record MODULE la nhitng gi& tri mac dinh ciia méi phan tir D6 1a 20
kich ¢ méi phan ta , TIME’LEFT cho phin tit CRITACAL_DLY, va gia tri 0(dy 1a PIN_TYPE’LEFT) cho
nhitng phan t NO_INPUT va NO_OUTPUT .Nhitng gié tri dau ciing c¢d thé dugc gan cho 1 déi tuong duoc
tao mai bai nhitng gid tri rd rang .Piéu nay duoc té hién trong thi du sau :



MOD2PTR:=new MODUKE’(25,10ns,4,9);

Nhitng ddi twong cua 1 kiéu access ¢d thé duoc tham khao nhu:

1. obj-ptr.all : Quyen lui t6i toan thé ddi twong duoc chi bai obj_ptr noi ma obj-ptr 12 mot pointer chi dén
mot d6i tuong cua bat ky kiéu nao .

2.array-obj-ptr(element-index) :quyén lui tgi cia day phan tur rd rang noi ma array-obj-ptr 1a mot pointer
chi dén mot ddi tugng day .

3.record-obj-ptr.element-name : :quyén lui téi cua 1 phan tir record rd rang noi ma record-obj-ptr la mot
pointer chi dén mét dbi tugng record .
Nhitng phan tir cia d6i twong ma MOD2PTR chi dén c6 thé duoc thém vao nhu :MOD2PTR.SIZE,
MOD2PTR.CRITICAL_DLY, MOD2PTR.NO_INPUTS and MOD2PTR.NO_OUTPUTS,cung cap pointer
la NOT NULL.
Déi voi mdi kiéu access ,thi tuc DEALLOCATE da dugc khai bdo ngam ,thu tuc nay ,khi d& goi tra vé noi
luu trix bi chiém giit boi dbi tugng trong mdi truong chinh .Déi véi kiéu PTR va FIFO_TR khai bao sém hon
;thu tuc DEALLOCATE theo sau duoc hiéu ngim nhu sau

procedure DEALLOCATE (P : inout PTR) ;
procedure DEALLOCATE (P : inout FIFO_PTR) ;

Phan thyc thi cua phét biéu sau : DEALLOCATE (MOD2PTR);
la nguy@n nhan noi luu trit bi chiém gitr boi d6i tugng ma MOD2PTR chi dén ,bi deallocated ,va MOD2PTR
chuyén thanh NULL.
Pointers c¢6 thé dugc gan cho mot bién pointer khac cua kiéu access tuwong tu ,nhu la
MOD1PTR:=MOD2PTR;
2 luat gan .Bay gio ca hai MOD1PTR va MOD2PTR chi dén ciing mét ddi twong .Xem lai thi du sau :

type BITVEC_PTRis access BIT_VECTOR ;

variable BITVEC:BITVEC_PTR :=new BIT_VECTOR(*“1001");
BITVEC1 chi d¢én ddi twong dugc rang bugc 4 bits .Bits ¢6 thé duoc xem nhu BITVEC1(0),l1a 1,14 0 va cu
nhu thé DAy la thi du khac noi ma nhitng gia tri dugc gan cho ddi tuong twong ty str dung tén két hop
MOD2PTR:=new MODUE’(CRITICAL_DLY=>10 ns,

NO_INPUTS=>2,NO_OUTPUTS=>SIZE=>100);
Kiéu access ¢ loi trong kiéu mau hanh vi mic d¢ cao ,dac biét trong ciu tric thuong gap nhu RAMS va
FIFOs, noi pointers c6 thé str dung dén nhitng déi tuong access tirc thoi trong phdi hop .

3.3.5 INCOMPLETE TYPES

Cothé c6 mot kiéu access chi dén 1 ddi twong ma ddi twong c6 nhitng phan tir ciing 1a kiéu access .Diéu
nay c6 thé dugc chi dao phu thudc I1an nhau hoic tro lai kiéu access.Vi thé 1 kiéu phai duoc khai bao truéc
khi str dung ,mot khai bao kiéu khdng hoan toan cé thé duogc sir dung dé ciru cho van dé nay .Mot kiéu khai
bao khong hoan toan c6 dang nhu sau :
Type type_nam ;
chi mot kiéu khong day du duoc ,type_nam c6 thé duoc sir dung trong mot kiéu phu thudc 1an nhau hoac 1
kiéu access ngugc (recursive access type), di sao mot khai bao kiéu day di tuong rng phai theo sau d6 .Mot
thi du cua mot kiéu access phu thudc access 1an nhau Ia:
type COMP;-- record chira dung bao gém tén va danh sach mang lugi ma né lién lac téi .
type NET; -- record chira dung bao gom tén va danh sach component ma nd lién lac toi .
type COMP_PTR is access COMP;
type NET_PTR is access NET;
constant MODMAX : INTEGER:=100;
constant NETMAX :INTEGER:=2500;
type COMP_LIST is array (1 to MODMAX) of COMP_PTR;
type NET_LIST is array (1 to NETMAX) of NET_PTR,;




type COMPLIST_PTR is acccess COMP_LIST;
type NETLIST_PTR is access NET_LIST;
---Kiéu khai bao day dii cho COMP va NET nhu sau :
type COMP is
record
COMP_NAME:STRING(1 to 10);
NET:NETLIST_PTR;
end record;
type NET is
record
NET_NAME (1 to 10);
COMPONENTS:COMPLIST_PTR,;
end record;

O day ,COMPva NET c6 nhirng phan tir 2 nhitng déi tuong access cua kiéu NET va COMP tuong
ung .Mot thi du caa Kiéu access recursive la:

type DFG ; --- array data flow graph node.
Type OP_TYPE is (ADD,SUB,MUL,SHIFT,ROTATE);
type PTR is access DFG;

type DFG is
record
OP_CODE :OP_TYPE;
SUCC :PTR --successor node list.
FRED:PTR --predecessor node list.
End record;

PTR la ot kiéu access cua DFG.n6 ciing 1a kiéu cua 1 phan tir trong DFG.
Sau day la nhitng thi du khac :
type MEM.RANGE is rang 0 to 16383;

type HOLE --represent available memory.
Type HOLE_PTR is access HOLE;
type HOLE is

record

START _LOC,END LOC:MEM_RANGE;
PREV_HOLE,NEXT HOLE:HOLE_PTR;
end record;

3.3.6 FILE TYPES

Doi tugng cua nhitng kiéu file dai dién cho nhitng tap tin trong moi truong chinh .Ching cung cap mét co
cau bai 1 loai truyén dat thong tin thiét ké VHDL véi méi truong chinh .CU phap ciia khai bao kiéu tap tin Ia:
type file_type_nam is file of type_name;
Type_nam la mot kiéu cua nhitng gia tri chtra dung trong mét file .

Sau day la 2 thi du :
type VECTOR is file of BIT_VECTOR,;
type NAMES is file of STRING;

Mot tap tin cua kiéu VECTORS c6 nhitng gia tri lién tiép kiéu BIT_VECTOR ;Mat file kiéu NAMES ¢6
lién tuc nhitng chudi nhu gia trj trong nd .
Mot tap tin co thé ma,dong ,doc ,viét,hodc kiém tra diéu kién end-of-file bai viéc sir dung nhitng tha tuc va
ham dic biét ,khai b4do ngam cho mdi tap tin .
bola:



procedure FILE_OPEN (file F: fiel_type-name;
EXTERNAL_NAME :in STRING;
OPEN_KIND:in FILE_OPEN_KIND:=READ_MODE);,
--m& mot tap tin F chi dén tap tin vat Iy trong chudi EXTERNAL_NAME ,véi specified mode.
--Kiéu FILE_OPEN_KIND, c6 nhitng gid tri : READ_MODE(mic dinh), WRITE_MODE,va
APPEND_MODE
procedure FILE_OPEN(STATUS :out FILE_OPEN_STATUS;
file F :file-type-name;
EXTERNAL_NAME: in STRING;
OPEN_KIND: in FILE_OPEN_KIND:=READ_MODE);
--Twong ty nhu thu tuc thir nhat ,cho rang tha tuc nay tra vé trang thai mo tap tin

K FILE-OPEN-STATUS c0 nhirng gia tri nhu sau :

OPEN_OK :tap tin mo thanh cong .

STATUS_ERROR:tap tin d& mé roi

NAME_ERROR : tap tin khong tim thay hoic khéng cho phép
MODE_ERROR :khong thé mo tap tin véi specified access mode.

Procedure FILE_CLOSE(file F:file-type-name);
--closes the specified file.
Procedure READ(file F:file-type-name,VALUE :out type-name);
--Lay nhitng gi4 tri sau trong VALUE tr tap tin F.
Procedure WRITE(file F:file-type-name,VALUE :in type-name);
--ndi gié tri trong VALUE vao file F.
Function ENDFILE(file F:file-type-name) return BOOLEAN,;
--tra vé falses néu doc trén tap tin F s& thanh cong trong viéc lay gia tri khac ,nguoc lai tra vé true.
Néu type-nam la mét kiéu day khéng rang bugc ,mét tha tuc READ khac duoc khai bao ngam ,c6 dang nhu
sau :
procedure READ(file F:file-type-name;VALUE :out type-name;
LENGTH:out NATURAL);

--LENGTH tra vé s6 phan tir cia ddy da duoc doc
Nhitng gia tri nam trong mot tap tin ¢ thé chi bi anh huong Mot tap tin ¢d thé ngam maé bai théng tin mo
file trong hkai béo file .Nhitng thi du sau thé hién diéu d6

file DUMP:NAMES open APPEND_MODE is “top.dump”;
--Mot kiéu goi an dén FILE_OPEN duoc tao ra tai thoi diém sinh ra .
--FILE_OPEN(DUMP,”top.dump”,READ_MODE);

file PATTERNS:VECTOR is”uart.pat” )
--Mét kiéu goi an dén FILE_OPEN duogc tao ra tai thoi diém sinh ra .
--FILE_OPEN(PATTERNS, uart.pat”,READ_MODE);

file TMP: VECTORS;
Vi khong c6 théng tin mé tap tin dwoc cung cap ,mot lan goi ré rang dén FILE_OPEN can dugc thuc hién
truge khi tap tin TMP c6 thé bi gia tang (accessed)
Pay la mot thi du day du cia mét test bench,doc nhitng vector tir file”fadd.vec” dat nhitng vector vao test
component , mot one-bit full adder,va viét két qua vao mot tap tin khac “fadd.out”.
entity FA_TEST is end;
architecture I0_EXAMPLE of FA TEST is
component FULL_ADD
port(CIN, A, B:in BIT;COUTN,SUM:out BIT);
end component;
subtype STRING3 is BIT_VECTOR(O to 2);



subtype STRING2 is BIT_VECTOR(0 to 1);
type IN_TYPE is file of STRINGS3;
type OUT_TYPE is file of STRING2;
file VEC_FILE :IN_TYPE
open READ_MODE is “usr/home/jb/vhdl_ex/fadd.vec”;
fiel RESULT_FILE:OUT_TYPE
opeN WRITE_MODE is “usr/home/jb/vhdl_ex/fadd.out”;
signal S:STRINGS3;
signal Q:STRING2;
bin
FA:FULL_ADD port map (S(0),5(2),Q(0),Q(1));
process
constant PROPAGATION_DELAY:TIME:=25ns;
variable IN_STR:STRINGS;
variable OUT_STR:STRING2;
begin
while not ENDFILE(VEC_FILE) loop
READ(VEC_FILE,IN_STR);

S<=IN_STR;

wait for PROPAGATION_DELAY;
OUT_STR:=Q;
WRITE(RESULT_FILE,OUT_STR);
end loop;

report “completed processing all vectors”;
wait; --stop truong hop

end process;
end IO_EXAMPLE;

Hai tap tin VEC_FILE va RESULT_FILE da khai bao .VEC_FILE la mot tap tin ddu vao va chaa dung
chudi 3 bits, va RESULT_FILE la mét tap tin xuat la chudi 2 bit .Vectors dau vao duoc doc mét lan tai mot
thoi diém cho dén cudi file .MJi vector duoc tham gia va roéi qua trinh chd mach cong (full-addder circuit)
dugc 6n dinh trudc khi don gian gia tri xuat mach cong duoc ghi vao tap tin xuat .Phat biéu report ,khi thuc
thi ,in don gian théng béo report ,phat biéu wait la nguyén nhan lam gga trinh tri hoan vé han dinh.

Mot kiéu tap tin , TEXT,duoc xac dinh trudc trong ngdn ngir .kiéu tap tin nay dai dién phi hop véi nhitng
chudi text c6 do dai thay doi(variable length).Mat kiéu access ,LINE ,ciing chi dinh dén mot chudi tuong tu
Diéu khién doc va viét nhitng lines ciing duoc cung cap .Viéc xac dinh cho tat ca cac kiéu va nhirng toan tir

Xuit hién trong goi duoc xéac dinh truéc , TEXTIO.

3.4 OPERATORS

Nhiing toan tir dugc xac dinh trudc trong ngdn ngir dugc phén chia thanh 6 loai :

Toan tir luan ly (logical operators)

Toan tir quan hé (relation operators)

Toan tir xoay (Shift operators)

Toan tir cong (Adding operators)

Toan tir nhan (Multiplying operators)
Toan tir hon horp (miscellaneuos operators)

ocoakrwpE

Nhung toan tir c6 quyén uu tién tang tir loai 1 cho dén 6.Toan tir cung loai ¢6 cling quyén wu tién nhu
nhau ,tinh tir tréi sang phai .ngoac don cd thé dugc sir dung dé phan dinh tinh tir tréi sang phai.

3.4.1 LOGICAL OPERATORS :

c0O bay toan tir luan ly 1a :



and or nand nor xor xnor  not

Nhirng toan tir dwgc xac dinh truge bai kiéu BIT va BOOLEAN.Ching ciing c6 thé dugc xéac dinh bai
mot ddy thir nguyén cua BIT va BOOLEAN.Trong qué trinh dinh lugng caa toan tar luan ly .riéng gié tri BIT
‘0’ va ‘1’ duoc coi nhu 14 gia tri FALSE va TRUE cua kiéu BOOLEAN.Két qua ciia mot toan tir luan ly co
kiéu twong ty nhu toan hang cia né
Toan tir NAND va NOR khéng két hop vai nhau ,do d6 ci phap caa mot biéu thac toan tir lién tuc nand va
nor 1a tréi luat .Thi du biéu thirc sau la trai luat

Aand B nand C.

Déu ngoic don c6 thé sir dung dé tranh truong hop nay .

3..4.2 RELATIONAL OPERATORS (toan tir quan hé) :

boéla:

= /= < <= >=

Kiéu két qua cua tat ca cac toan tir quan hé ludn ludn dugc xéx dinh trude la kiéu BOOLEAN.Toén
tir bang(=) va khdng bang (/=) luén duoc xac dinh trude trong bét ky kiéu nao trir kiéu FILE .Con lai 4 toan
tir dugc Xac dinh trudc trong kiéu vo hudng bat ky (kiéu integer hoac kiéu liét ké ) hoac kiéu day roi rac (day
nay c6 cac phan tir trong day tuy thugc vao Kiéu roi rac ,riéng biét).Khi toan hang 1a nhiing kiéu day roi rac
.Phép so sanh d6ng vai mot phan tir tai mot thoi diém tir trai sang phai ,thi dy :
BIT_VECTOR(‘0’,’1’,’1")<BIT_VECTOR(‘1’,’0’,’1")
la thué ,vi thé phan tir dau tién cua toan diy dau tién kém hon phan tir dau tién cua toan day tha hai .Thong
thuong néu
type MVL is(*U’,’0°,’1",°2");
thi MVL’(‘U’)<MVL’(‘U’)
la ding vi ‘U’ xuat hién bén trai ‘2’ .Luu y viéc can thiét dé dinh luong toan bo va thuc té str dung trong
nhitng  thi du trén vi nhiing literals d4 qua mirc va kiéu ciia ching 1a khéng xac dinh trong viéc sur dung
.(Biéu thirc dinh lugng dugc mé ta trong chuong 10)
Sau day la thi du ma toan hang luén luén cé chiéu dai khac nhau :
“VHDL”<”VHDL92”
la d¢ing .Sy so sanh mot lan nira déng vai tro tai mot thoi diém tir trai sang phai. Tuy nhién, phan tir tuong
ung khong dugc tao ra trong todn hang . N6 coi nhu 1a NULL,va NULL ludn luén dugc xem nhu kém hon
bat ky ky tu ndo .trong thi du nay, character ‘9’ trong toan hang thir hai khéng tuong thich véi phan tir trong
toan hang thir nhat .

3.4.3 SHIFT OPERATORS :

boéla:
SLL SRL SLA SRA ROL ROR

M&i mot toan tir gitr mot diy BIT hoic BOOLEAN nhu mot toan hang trai va gia tri INTEGER nhu
toan hang phai ,dong vai tro giai thich toan tir . Néu gia tri integer 1a s6 am , hanh vi nguoc nhau sé xay ra,
do la xoay tréi hoac quay tr¢ thanh xoay phai hoac quay .
toan tr SLL (xoay trai luan ly) va toan tir SRL (xoay phal luan ly) dién vao nhiing bit huy bo voi left-
operand-type’LEFT.Toan tir SLA (xoay trai 50 hoc ) dién vao nhitng bit bi huy bo véi bit cuc phai cua toan
hang trai .trong khi toan tir SRA (xoay phai s6 hoc ) dién vao nhitng phan tir bi huy bo voi bit cyc trai cua
toan hang trai .Toan tir rotate la nguyén nhan nhiing bit bi dién vao véi nhitng bit chiém giir trong 1 vong
cau thanh .Sau day la nhitng thi du :
--gia str tat ca nhitng toan hang trai déu la BIT_VECTOR
10010107 sll 2 is “0101000” filled with BIT’LEFT ,which is ‘0’
“1001010” srl 3 is “0001001”
“1001010”la 2 is 0101000



3.4.4ADDING OPERATORS :

Gom

+ - &
Toan hang cho toan tir + va toan tir - déu phai la kiéu s6 ,va két qua ciing la kiéu sé toan tir + va - ciing dugc
sir dung nhu toan tir unary,trong truong hop toan hang va kiéu két qua nhu nhau .Toan hang cho toan tir &
c6 thé 1a kiéu day thir nguyén hoac kiéu mot phan tir .Két qua lun ludn 1a mot kicu day . Thi du :
‘0’&’1’ két qua la kiéu ddy character ‘01’

3.4.5 MULIPLYING OPERATORS:

boéla:
* / MOD REM
Toan tir nhan va chia phai duoc xac dinh trudc cho ca hai toan hang phai la cung kiéu s6 nguyén hoic la
kiéu floating point .Két qua ciing phai ciing kiéu .Toan tir nhan ciing dugc xac dinh béi truong hop khi mot
trong nhirng toan hang la kiéu vat ly va toan hang tha hai 1a kiéu integer hozc real .Két qua tra vé 1a kiéu vat
ly.

Déi véi toan tir chia ,chia mot gia tri vat Iy boi mot gia tri integer hoic real thi dwoc cho phép.va két
qua tra vé la kiéu vat ly .Phép chia cua mot gia tri kiéu vat ly bai mot ddi twong khéac cung kiéu vat Iy va
phan con lai ca nd ,mat gié tri nguyén coi nhu mot két qua .
toan tir REM va MOD tac dung cho toan hang cua kiéu integer va két qua c6 cung mot kiéu .Két qua cua
REM c6 biéu hién cua toan hang thir nhat va né dwoc xac dinh nhu sau:

A remB=A-(A/B)*B

Két qua cua toan tir Mod 12 biéu hién toan hang thir hai .Va n6 duoc xac dinh nhu sau :
A mod B =A - B * N —cho mét vai s nguyén N

Sau day la nhitng thi du str dung todn tir mod va rem :

7 mod 4 --béng 3
(-7)rem4 --bang -3
7 mod (-4) --bang -1

(-7)rem (-4)  --bang -3

3.4.6 MISCELLANEUQOS OPERATORS:

Gom :
abs **
Toan tir abs (absolute) duoc xac dinh cho mat kiéu sb bat ky
Toan tir ** (exponentiatation) xac dinh cho toan hang trai 1a kiéu integer hoac floating point ,va toan hang
phai phai la kiéu integer.
Toan tir khong luan ly c6 mac d6 uu tién twong duong nhu 2 toan hang trén



CHUONG 4 : BEHAVIORAL MODELING

Chuong nay dua ra kiéu hanh vi miu ,Trong kiéu miu nay ,hanh vi ciia thyc thé duoc bicu din bei viéc thuc
thi lién tuc ,ma thu tuc cd cu phap don gian va ngir nghia nhu ngdn ngir 1ap trinh Cap cao nhu C hoac
PASCAL. Phat biéu qua trinh c6 mét co cau co ban sir dung hanh vi mau cua thyc thé .Chuong nay mé ta
phat biéu chomot qaa trinh va thé loai khac nhau cua nhitng phat biéu lién tuc c6 thé duogc sir dung trong
mau phat biéu mot qda trinh nhu 1a hanh vi .

Bat ké mau sir dung ndo ,m&i mét thuc thé miéu ta st dung khai béo thuc thé va it nhat 1 architecture
body.Hai doan dau tién s& md ta nhirng chi tiét nay .

4.1 ENTITY DECLARATION

Mot khai bao thyc thé md ta giao dién bén gnoai cua thyc thé .n6 ghi rd tén cua thuc thé ,tén cong giao tiép
kiéu mode,va kiéu ciia cac cong .Cu phap caa mot khai béo thyc thé 1a :
entity entity-name is

[generic (list-of-generic-and-their-types);]

[port(list-of--interface-port-name-and-their-types);]

[entity-item-declaration]
[begin

entity-statement]
end [entity][entity-name];
entity-name la tén cua thuc thé ,va cong giao dién 1a nhitng tin hiéu di qua thyuc thé dwa thdng tin di va dén ra
moi trudng ngoai .mdi cong giao dién cd thé ¢6 mat trong nhirng kiéu sau
in :gia tri cong vao chi c6 thé doc trong mau thyc thé
out :gi4 tri cong ra chi cd thé duoc cap nhat ma khong thé doc
inout gié tri cia cong diéu khién c6 thé doc va cap nhat .
buffer: Gia tri cuia cong buffer c6 thé duoc doc va cap nhat. Tuy nhién ,né khac véi inout & chd nd khéng
thé c6 hon 1 ngudn ,va chi ¢6 1 loai tin hiéu dugc néi vai n6 (co thé 1a mot cong buffer hozc 1 tin hiéu
vai nhiéu nhat 1a mot ngudn)
5. linkage :Gia tri ciia cong lién két ¢ thé dugc doc va cap nhat .N6 chi c6 thé dugc lam bai mét cong

khac cua kiéu lién két . Cach thong thuong cua cong lién két thi khong dwoc sang sua va vi vay khong
goi nhé .Trong qua khir né duoc str dung dé giao tiép vai ngdn ngir la va ngdn ngir gia .

Khai bao dat trong entity-item-declaration 1a chung cho tat ca don vi thiét ké két hop vai khai bao thyc thé
nay (chdng ciing c6 thé Ia architecture bodies va khai béo config).Mach lat and,or dugc thé hién trong hinh
4.1,n6 tuong ng Vi khai bdo thyc thé dugc chi ra dudi day .

entity AOI is

port(A,B,C,D:in Bit ;Z:out BIT);

end AOI;
Khai bao entify chi ra tén cua thuc thé 1a AOI va n6 c6 4 tin hiéu vao thudc kiéu BIT,mét tin hiéu ra hiéu
BIT.ChU y rang né khong chi ra ban chét hoic chirc nang cua thyc thé .

PwONPE

4.2 ARCHITECTURE BODY:
Mot architecture body mé ta bén trong caa mot thuc thé .N6 md ta chirc nang va ciu trdc ciaa thyc thé .Cu
phap cua mot architecture body Ia :
architecture architecture-name of entity-name is
[architecture-item-declaration]
begin
concurrent-statements;these are ->
process-statement
block-statement




concurrent-procedure-call- statement
concurrent-assertion- statement
concurrent-signal-assignment- statement
component-instantiation-statement
generate-statement

end [architecture][architecture-name];

Nhitng phat biéu dong thoi md ta ciu hinh bén trong cua thyc thé . Tat ca nhitng phéat biéu dong thoi thuc
thi song song véi nhau ,nhirng thr tu nguyén ban hi¢n dién bén trong architecture body thi khong tac dong
tac dong Ién hanh vi bao ham .C4u hinh bén trong cua thuc thé c6 thé dugc thé hién trong [quan h¢ cua cau
trdc ,dong dit liéu va hanh vi lién tuc .Chlng dugc mo ta bang cach sir dung nhitng phat biéu dong thoi. Vi
du,Khai bao thanh phan dé thé hién cau trdc ,phat biéu gan tin hiéu dong thoi duoc sir dung dé thé hién dong
dir liéu va phét biéu qué trinh dé thé hién hanh vi lién tuc .MG&i mot phét biéu dong thoi [a mét phan tir khéc
nhau tac dong song song ,tuong tu nhu nhitng cong rién biét caa mot thiét ké tac dong song song .

Nhitng muc khai bao items la sin sang cho vi¢c st dung trong architecture body tén cua nhitng item d&
khai bao trong khai bao thyc thé ,bao gom nhiing cong va nhirng generics, san sang cho viéc su dung trong
architecture body bai vi su két hop ciia tén thyc thé vai architecture body béi phat biéu sau
architecture architecture-nam of entity-name is ...

Mot thuc thé c6 thé co rat nhiéu views bén trong ,m&i mét view duoc mo ta architecture body khéc nhau
N6i chung ,mét thuc thé twong @ng véi 1 khai bao thyc thé (cung cap view bén ngoai) va mot hoac nhiéu
architecture bodies(cung cap view bén trong).Sau day la 2 thi du cia architecture body cho cing 1 thyc thé
AOl:

architecture AOl_CONCURRENT of AOl is
begin
Z<=not((A and B) or (C and Dt li¢u _);
end AOI_CONCURRENT;
architecture AOl_SEQUENTIAL of AOl is
begin
process(A,B,C,D)
variable TEMP1,TEMP2:BIT;
begin
TEMP1:=A and B; --statement 1
TEMP2:=C and D@ liéu ; --statement?2
TEMP1:=TEMP1 or TEMP2--statement3
Z<=not TEMP
end process
end AOI-SEQUENTIAL;
Architecture body dau tién ,AOI_CONCURRENT,md ta thuc thé AOI sir dung kiéu dataflow ,Architecture
body thir hai ,AOl_SEQUENTIAL,str dung kiéu hanh vi .trong nhuong nay ching ta quan tam dén viéc mo ta
mot thyc thé sir dung kiéu hanh vi.Phét biéu qué trinh 1a nhitng phat biéu dong thoi ,1a co ché can ban duoc
sir dung dé md ta chac nang ciia mot thyc thé trong kiéu nay.

4.3 PROCESS STATEMENT: ) . )
Nhitng phat bieu process chira dung nhitng phat biéu lién tuc mo ta chirc nang cua mot phan thuc the
trong nhitng thanh phan lién tuc ClU phap cia mot phat biéu process Ia :

[procee-label:]process[(sensitivity-list)][is]
[process-item-declarations]
begin
sequential-statements; these are->
variable-assignment-statement
wait-statement



if-statement
case- statement
loop- statement
null- statement
exit- statement
next- statement
assertion- statement
report- statement
procedure-call- statement
return- statement
end process[process-label]

Architecture body ,AOl_SEQUENTIAL,hién dién sém hon ,chira mot phét biéu qua trinh .Phat biéu qua
trinh ndy c6 4 tin hiéu trong danh sach d6 nhay caa né va mot khai bao bién .néu 1 su kién xay ra trén mot
tin hiéu nao dé thi qué trinh dugc thuc thi.Diéu ndy duoc hoan thanh bai phat biéu thuc thi 1 dau tién |ké @6
la phat biéu 2 ,sau nita la phét biéu 3,roi dén phat biéu 4 .Sau d6 ,qua trinh tri hodn vé han dinh va chd cho
dén mot su kién khac xay ra trén trén mot tin hiéu trong danh sach do6 nhay .

4.4 VARIABLE ASSIGNMENT STATEMENT:
Bién cd thé duogc khai bao vast dung bén trong mot phat biéu qua trinh .mét bién dwoc gan mot gié tri
sir dung phat biéu gan bién ,ma phat biéu nay c6 hinh thirc nhu sau
variable-object:=expression;
Biéu thirc duoc xac dinh gia tri khi phat biéu duoc thyc thi va gia tri duoc tinh toan dugc gan cho bién 1
céch tuc thoi.
Bién duoc tao tai thoi diém san sinh va duy tri gia tri cua no trong suét thoi gian chay chwong trinh (nhu
trong C ).Biéu nay boi vi qua trinh khéng bao gio dugc thoét trong mdi trang thai active,nghia 1a dugc thuc
thi,hoac trong 1 trang thai tri hodn ,nghia la ,chd cho dén khi mot sy kién chic chan xay ra.Mot qué trinh bt
dau budc vao tai diém khai dau cua simulation.tai thoi diém nay n6 duoc thyc thi cho dén khi bi tri hodn bai
1 phat biéu wait hozc 1 sensitivity list .
Xem thi du vé phat biéu qué trinh sau :
process(A)
variable EVENT_ON_A:INTEGER:= -1,
begin

EVENT ON_A:=EVENT ON_A+1:

end process;
Tai diém dau cua simulation,Qua trinh duoc thuc thi mot 1an .Bién EVENT_ON_A duoc gan gia tri -1 sau
d6 tang lén 1 .Sau d6 ,thoi diém bat ky xay ra su kién trén tin hiéu A,qua trinh c6 hiéu lyc va phat biéu gan
bién don dugc thyc thi.N6 lam cho bién EVENT_ON_A ting lén 1 .Tai thoi diém két thic cua
simulation,bién EVENT_ON_A chira tong sé su kién xay ra trén tin hiéu A
Sau day la mot thi du khac cuia phat biéu qua trinh :

signal A,Z:INTEGER,;

PZ:process(A); --PZ la nhan cua qua trinh
variable V1,V2:INTEGER,;
begin
V1:=A-V2;--statement 1
/<= -V1;----statement 2
V2:= Z+VV1=2; --statement 3
end process PZ;
Néu mot sy kién xay ra trén tin hiéu A tai thoi diém T1 va bién V2 duoc gén gia tri 1a 10,trong phat biéu thi
3,sau d6 mot su kién xay ra trén tin hiéu A tai thoi diém T2, gia tri cua V2 duoc st dung trong phat biéu 1
sé ciing la 10



Mot bién ciing 6 thé duoc khai bao bén ngoai 1 qua trinh hogc 1 chuong trinh con .Mot bién c6 thé duoc
doc va cap nhat bai 1 hoac cd thé nhiéu qué trinh ,nhrng bién nay dugc goi la shared variable

4.5 SIGNAL ASSIGNMENT STATEMENT:

Tin hiéu dugc gan gia tri str dung mét phat biéu gan tin hiéu ,hinh thirc don gian ciia phét biéu gan tin
hiéu la :
signal-object<=expression [after delay-value]

Phat biéu gan tin hiéu c6 thé xuét hién bén trong hozc bén ngoai mot qua trinh .Néu né xay ra bén ngoai
cta mot qua trinh ,n6 dugc xem la mot phéat biéu gan tin hiéu ddng thoi .Khi phat biéu gan tin hi¢u xuat hién
bén trong qua trinh ,n6 duoc xem nhu 1 1 phat biéu gén tin hiéu c6 thir ty va nd dugc thyc thi tuan ty theo
thtr ty ciia nhitng phét biéu tuan ty khac xuét hién bén trong qua trinh
Khi 1 phat biéu géan tin hiéu duoc thyc thi,gia tri cua biéu thic duoc tinh todn ,va gia tri nay duoc va gié tri
nay dugc chuan bi ¢é gan cho tin hiéu sau khi delay.Luu y rang biéu thirc dugc dinh lwong tai thoi diém phat
biéu duoc thyc thi va khong thuc thi sau delay.Néu khdng sau khi ménh dé duoc lam rd ,delay dugc xem
nhu delay delta mac dinh.

Mot vai thi du caa phat biéu gan tin hiéu la :
COUNTER<=COUNTER+”0010"---gan sau delta delay
PAR<=PAR xor DIN after 12 ns

Z=(A0 and Al) or (B0 and B1) or (CO and C1) after 6 ns;

DELTADELAY :

Delta delay 1a mot delay rat nho. N6 khong twong xing véi bat ky mét delay thuc nao va thoi gian thyc té
thi khong gia ting. Delay nay lam mau phan ciing tai noi thoi gian t6i thiéu can cho mot thay doi xay ra,
Delta delay cho phép thur tu su kién xay ra tai cung mot thoi diém .Mdi don vi thoi gian md phong cé thé
duoc xem Ia bao gom mét sé vo han cua delta delay.Do d6 su kién ludn ludn xay ra tai thoi gian thuc cong
véi 1 b611 sé tich phén cua delta delay, Thi du ,su kién co thé xay ra tai 15 ns,15ns+1A,15ns+2A,15ns+3A,22
ns,22ns+A,27 ns,27ns+A.

Gia sir ¢6 architecture body dugc mo ta trong hinh 4.2. chling ta hay gia sir ring mot su Kién xay ra trén tin
hiéu nhap D (c6 mét thay ddi gia tri trén tin hiéu D) tai thoi diém md phong T. Phat biéu 1 dugc thuc thi dau
tién, va TEMP1 duoc géan gia tri 1ap tic bai vi n6 1a bién. Phéat biéu 2 duoc thyc thi ké tiép, va TEMP2 duoc
gan gié tri lap tic. Phat biéu 3 dwoc thuc thi ké tiép, nd dung gia tri cia TEMP1 va TEMP2 d4 dugc tin
trong phat biéu 1 va 2 dé xéac dinh gia tri moi cho TEMP1. Cudi ciing, phat biéu 4 duoc thyc thi lam cho tin
hiéu Z lay gié tri ciia vé phai biéu thirc sau khi delta delay, nghia I3, tin higu chi cd gié tri tai thoi diém T +A.

Xem xét qué trinh PZ dugc md ta trong doan truéc .Néu 1 su kién xay ra trong tin hiéu A tai thoi
diém T,thuc thi phat biéu 1,nguyén nhan V1,dugc 1 gia tri ,tin hiéu duoc dy dinh dat gia tri tai thoi diém
T+A,va cudi cung tin hiéu thir 3 dwoc thuc thi vai gid tri cii cua tin hiéu Z d4 duoc sir dung ,d6 1a gia tri tai
thoi diém T khdng c6 gid tri nao duoc dy dinh gan cho phat biéu thir hai .nguyén nhan do tai thoi diém @6
cho dén thoi diém T khong xay ra léch pha véi thoi gian T+A.Sau d6 khi dén thoi gian T+A tin hi¢u Z s&
nhan mot gia tri méi .Dicu nay rat quan trong trong viéc phan biét giira phép gan bién va 1 phat biéu gan
bién .Nhitng phép gan bién 1a nguyén nhan thay doi tirc thoi nhitng gié tri cua ching .trong khi phép gan tin
hiéu lubn ludn 1a nguyén nhan tin hiéu dat nhitng gia tri ciia chling tai nhitng thoi diém sau nay .

Xa hon nita ching ta s& thdy 2 thi du cua nhitng phét biéu tuan ty ,phéat biéu gan bién va phét biéu gan tin
hiéu.Nhitng loai khac ciia phét biéu tuan tu s& dugc md ta sau

4.6 WAIT STATEMENT :

Nhu ching ta da thiy ,1 qué trinh c6 thé tri hodn boi 1 list sensitiviy. D6 1a .Khi qua trinh ¢ mot
sensitivity list .n6 ludn ludn tri hodn sau khi thuc thi phat biéu tuan ty cudi cing trong qué trinh .Phét biéu
wait cung cap mot cach luan phién tri hodn céng doan thyc thi 1 qua trinh .C6 3 hinh thic co ban cua phat
biéu wait .

wait on sensitivity-list;
wait on until boolean -expression;



wait for time-expression;

Chung ciing c6 thé dugc phdi hop trong 1 phat biéu wait don doc . Thi du nhu :
wait on sensitivity-list until boolean-expression for time-expression
Nhing thi du cua phat bieu wait 1a :

wait on A,B,C6 thé :

wait until A=B;

wait for 10 ns;

wait on CLOCK for 20 ns ;

wait until SUM>100 for 50 ms;

Su hién dién cua sensitivity list trong mot qua trinh mang dang vé ciia phat biéu  “wait on sensitivity-list”

nhu phét biéu cudi clng trong process .Mot phat biéu qua trinh dinh lugng(equivalent process statement)
cho phat biéu qué trinh trong architecture body AOl_SEQUENTIAL la:

process --no sensitivity list
variable TEMP1, TEMP2:BIT;
begin
TEMP1:=A and B;
TEMP2:=C and D;
TEMP1:=TEMP1 or TEMP2;
Z<=not TEMP1,
wait on A,B,C,D; --replaces the sensitivity list.
End process.
Vi thé ,1 qué trinh véi 1 sensitivity list luén ludn tri hodn phan cudi cia qua trinh ,va khi tac dong tro lai
cho sy kién ,lai bit dau thyc thi tir phat biéu dau tién trong qua trinh .

4.7 IFSTATEMENT:
Mot phat biéu if lra chon nhitng phat biéu tuan ty cho viéc thyc thi trén gia tri cua mot kiéu kién ,diéu
kién & day c6 thé 1a : mot biéu thirc bat ky ma gid tri phai 1a kiéu luan ly .
Dang thong tuong ciia phat biéu if 1a :
if boolean-expression then
sequential-statements

{elsif boolean-expression then --ménh d¢ elsif.Néu phat biéu if c6 0 sequential -
statement } hon mot ménh dé elsif

{else

sequential-statement}  -- ménh dé else

enf if;
Thi duy :
if sum<=100 then —“<=""is less-than-or-equal-to operator.
SUM:=SUM+10;
end if;

4.8 CASE STATEMENT :
Dang cuia phat bicu case Ia :
case expression is
when choices=> sequential -statement —branch 1#
when choices=> sequential -statement —branch 2#
--c6 thé c6 nhiéu nhanh
{when others=> sequential-statement}—Ilast branch
end case;




Phat biéu case lua chon mot trong nhitng nhanh cho viéc thyc thi dya trén gia tri cua biéu thic. Gia tri
biéu thire phai thudc kiéu triru twong hoac kiéu ddy maot chiéu. Su chon lya c6 thé dugc thé hién nhu gia tri
don, viing gi4 tri bai viéc sir dung dau | hoic sir dung ménh dé khéc. Tat ca cac gia tri c6 thé co caa biéu
thirc phai duoc thé hién trong phat biéu case dlng 1 lan. Cac ménh dé khac c6 thé duoc sir dung dé bao quat
tat ca cac gia tri, va néu co, phai la nhanh cudi cling trong phét biéu case. Mot thi du cho phat biéu case:

type WEEK_DAY is (MON, TUE, WED, THU, FRI, SAT, SUN);
type DOLLARS israng 0 to 10;
varieble DAY: WEEK_DAY;
variable POCKET_MONEY: DOLLARS;
case DAY is
when TUE => POCKET_MONEY :=6; --branchl
when MON | WED =>POCKET_MONEY :=2;--branch2
when FRI to SUN => POCKET_MONEY :=7; --branch3
when others => POCKET_MONEY :=0; --branch4
end case;

Nhénh 2 duoc chon néu DAY c6 gid tri 1a MON hoac WED. Nhénh 3bao gom cac gia tri FRI, SAT va
SUN. Trong khi nhanh 4 gom cac gia tri con lai, THU. Phat bicu case ciing la phat biéu tuan tu, tuy nhién
no cting co thé duoc xép 1ong vao nhau.

4.9 NULL STATEMENT

phatbicu  null
la mot phét biéu tuan ty khong gay ra bat kyhanh dong nao; tiép tuc thuc thi voi phat biéu ké tiép. Mot thi
du cho viéc st dung phét biéu nay Ia trong phat biéu if hoic trong phat biéu case.

4.10 LOOP STATEMENT:
Mot phat biéu lip duoc st dung dé lap lai mot loat cac cau lénh tuan tw. CU phap cua phat biéu lap la:
[loop-label:] iteration-scheme loop
sequential-statements
end loop [loop-lebel];

C6 3 kiéu so db lap. Pau tién 1a so d6 lap cé dang:
for identifier in range
Mgt thi du cho so do lap nay la:
FACTORAL:=1,;
for NUMBER in2to N loop
FACTORAL :=FACTORAL*NUMBER,;
enf loop;

Trong thi du nay .than ciia vong lap thyc thi N-1 1an ,voi danh higu lap, NUMBERting lén 1 sau mdi vong
lap ,ddi tuong NUMBER duoc khai b4o an trong vong lap tiy thudc vao kiéu integer,n6 c6 gia tri tir 2 dén
N ,vi vy khai béo khong rd rang cho danh hiéu vong lap la diéu can thiét ,danh hiéu vong lap ciing khong thé
duoc gan cho bat ky gia tri nao trong vong lap for .Néu 1 bién khac c6 cing tén duoc tao bén ngoai vong lap
for,d6 1a hai loai bién duoc giai quyét riéng r& va bién str dung trong vong lap for s& chuyén giao cho danh
hiéu vong lap .

Viing cua vong lap FOR ciing c6 thé 1a viing ciia mot kiéu liét ké
Thidu:

type HEXA is (*0°,’1°,2",’3'A’,’B’,’C *):;

for NUM in HEXA’(“2”) downto HEXA’(‘0") loop



--Num s¢ lay nhiing gié tri trong kiéu HEXA tir 2 cho dén 0
end loop

4.11 EXIT STATEMENT:

Phat biéu exit [a mot phat biéu tuan tu nd chi co thé sir dung bén trong vong lp .La nguyén nhan thyc thi
viéc nhay dén tan cing vong lap hodc khoi vong lap khi nhan dugc xac dinh .CU phap caa mot phat biéu exit
la:
exit [loop-label][when condition]

Néu nhan vong lap khéng rd rang thi Iip dén tan cing .Néu ménh dé WHEN duoc sir dung ménh dé rd rang
s& duogc tao ra ,néu diéu kién la ding ,nguoc lai ,viéc thuc thi sé tiép tuc vaéi phat biéu ké tiép.Maot hinh thai
so le cho vong lap 2 dugc mo ta ¢ doan trudce la :

SUM:=1;J:=0;
L3:loop
J:=J+21;
SUM:=SUM*10
if (SUM>100) then
exit L3;
enf if;
end loop 13;

4.12 NEXT STATEMENT:
Phat biéu next ciing la phat biéu lién tuc ciing chi c¢é thé sir dung bén trong vong lap .Cu phap tuong tu
nhu phét biéu exit :
next [loop-label][when condition];
két qua cua phat biéu next bo qua nhirng phét biéu con lai trong lan lap hién tai cua vong lap rd rang tiép
tuc thyc thi voi phat biéu dau tién trong vong lap ké tiép ,néu ton tai mat 1an ,néu nhan vong lap khong ro
rang ,xay ra viéc lap dén tan ciing .Ddi 1ap véi phat biéu exit ,n6 1a nguyén nhan vong lap bi gigi han
Thi du :
for J in 10 downto 5 loop
if SUM<TOTAL_SUM then
SUM:=SUM+2;
elsif SUM:=TOTAL_SUM then
next;

else

null;
end if;
K:=K+1;
end loop;

Khi phat biéu next dugc thyuc thi ,thyc thi viéc nhay dén phan cudi cia vong lap (phat biéu cudi cung
K:=K+1,thi khéng thyc thi),giam gid tri cta danh hiéu vong lap ,J,va lam lai .

4.13 ASSERTION STATEMENT:

Phat biéu assertio thi hitu ich cho rang budc 1 thuc thé .Thi du ban c6 thé mudn kiém tra :néu gia tri tin
hiéu khdng niam trong viing khai b4o hozc kiém tra viéc cai dat va dinh gio cho tin hiéu dén cong vao cua
thyc thé .Néu kiém tra sai ,thong béo s& xuat hién .CU phap ciia phat biéu assertion 1a :

assert boolean-expression
[report string- expression]
[severity expression ];



Néu gia tri cua biéu thirc boolean 1a sai .Thdng béo s& dugc chuyén di & mirc d6 don gian .Biéu thic trong
ménh dé severity phai la gia tri cua kiéu SEVERITY_LEVEL (kiéu liét ké dugc xac dinh truéc voi nhirng
gia tri NOTE,WARNING,ERROR va FAILURE) .Mic do SEVERITY Ia kiéu si dung bai md phong hanh
vi chiém hiru ban dau tiy thuoc vao gia tri cia n6 .Thi du Néu mic SEVERITY la ERROR .Mb phong c6
thé thoai lui khoi qué trinh md phong va cung cap nhiing thdng tin chuan dodn xac dang .Tai mac d6 thap
nhat ,mtc d6 SEVERITY méi duoc hién ra

4.14 REPORT STATEMENT :

Mot phat biéu report cd thé duoc str dung dé thé hién mot thong béo .N6 twong tu nhu phét biéu assertion
.Nhung khéng kiém tra assertion .C(i phap c6 dang nhu sau :
report string- expression
[severity expression]
Khi biéu thirc 1a ménh dé severity ,n6 gay ra viéc in mét chudi ,va mic severity dugc bao dén mé phong cho
hanh vi tuong (ng .Sau day la thi du :
if CLR="Z’ then
report “signal CLR has a high-impedance value”;
--Mtrc d6 SEVERITY mac dinh 1a NOTE
end if;
if CLK/="0" and CLK/="1" then
report “CLK is neither a ‘0’ nor a “1’1111”
severity ERROR
end if

CHUONG 5 : DATAFLOW MODELING

Chuong nay thé hién k§ thuat cho viéc thiét ké 1 dataflow cho mét thuc thé. Mot dataflow thiét ké rd rang
chic nang cia mot thuc theé ma khéng ré veé cau trdc .Chirc nang thé hién trong dong thdng tin trong suot thuc



thé .N6 thé hién cin ban str dung nhitng phat biéu gan tin hiéu dong thoi va nhitng phét biéu khéi ..Day la
diéu nguoc lai véi kiéu hanh vi cia viéc mo ta thiét ké trong chuong trudce ,trong dé chirc nang ciia mot thuc
thé dugc thé hién bang cac sir dung nhitng phét biéu thuc thi tuan ty .Chuong nay ciing mé ta chirc nang giai
quyét va cach str dung cua ching .

5.1 CONCURRENT SIGNAL ASSIGNMENT STATEMENT (PHAT BIEU GAN TIN HIEU PONG
THOI) :

Mot trong nhitng két ciu co ban cho viéc thiét k& hanh vi dong chay dit liéu cia mot thuc thé 1a sir dung
phat biéu gan tin hiéu dong thoi .Mét thi du cia thiét ké dong chay dir liéu cho 2 cong vao dugc thé hién ¢
hinh 5.1 nhu sau :
entity OR2 is
port(signal A,B:in BIT;signal Z:out BIT);
end OR2;
architecture OR2 of OR2 is
begin

Z<=A or B after 9 ns;
end OR2;

Architecture body chira mot phat biéu gén tin hiéu duy nhéat né dugc thé hién trong dong chay dir liéu cia
cong OR.Viéc giai thich cua phat biéu nay la bat ky ldc ndo xay ra sy kién (thay doi gia tri )Trong ca tin
hiéu A hoc tin hiéu B (A va B déu Ia tin hiéu trong biéu thic cho Z),Biéu thirc bén phai duoc dinh lwong va
gid tri cua nd duoc sap xép dé xuit hién trén tin hiéu Z sau khi tré 9 ns .Tin hiéu trong biéu thirc A va B la
dang “sensitivity list “ cho phat biéu gan tin hi¢u .

C6 hai diém can luu y trong thi du nay :

1. Cong ra va cong vao diéu 1a dang tin hi¢u da duoc khai bao rd trong khi khai béo thyc thé (day la gia tri
mac dinh di néu khéng khai béo).

2. Tén cua architecture va tén cua thyc thé (entity) giéng nhau ,diéu nay khéng thanh van dé ,vi nhiing
architecture bodies Ia don vi thir cap .trong khi khai bao thyc thé 1a don vi co ban va ngén ngix cho phép don
vi thtr ¢4 c6 cling tén véi don vi co ban .

Mot architecture body c6 thé chira s lwong bat ky cua nhitng phat biéu gan tin hiéu dong thoi .Vi ching
la nhitng phét biéu dong thoi ,nén th ty cia nhitng phat biéu 1a khdng quan trong . Nhitng phat biéu géan
tin hiéu dong thoi duoc thuc thi bt cir khi ndo su kién xay ra trong tin hiéu duoc st dung trong biéu thuc
Mot thi du cho thiét ké dong dir liéu cho 1-bit-full-adder.
entity FULL-ADDER is

port (A,B,CIN:in BIT:SUM,COUT:out BIT):
end FULL_ADDER;
architecture FULL_ADDER of FULL_ADDER is
bin

SUM<=A xor B xor CIN after 15 ns ;
COUT<=(A and B) or (B and CIN) or (CIN and A) after 10 ns
end FULL_ADDER;
Hai phat biéu gén tin hiéu d4 thé hién dong dix liéu trong thuc thé FULL_ADDER.Bit ctr khi ndo mét sy kié
xay ra trong tin hiéu A,B hoic CIN .Biéu thirc cua ca hai phat biéu s& dugc tinh ,va gia tri SUM s& duoc
xuat hién sau 15 ns ,va gia tri COUT duoc tinh sau 10 ns Ménh dé after thiét ké viéc tri hodn luan ly thé hién
béi biéu thic .

Nguoc lai véi phat biéu xuét hién béb trong phat biéu qué trinh .Phét biéu bén trong qua trinh s& dugc
thyc thi tuan ty .Khi phat biéu bén trong mot architecture body déu Ia nhitng phat biéu dong thoi va thir ty
doc lap .Ban than cua phat biéu qué trinh 1a phat biéu ddng thoi ,c6 nghia 1a néu cé bat ky phat biéu gan tin
hiéu ¢ong thoi ndo va phat biéu qua trinh bén trong 1 architecture body ,thir ty cua nhitng phat biéu ciing
khéng thanh van d¢ .

5.2 CONCURRENT VERSUS SEQUENTIAL SIGNAL ASSIGNMENT:




Trong chuong nay chling ta d4 thay phét biéu gan tin hiéu ciing c6 thé xuat hién bén trong than ciia mot
phat biéu process nhu phat biéu goi phat biéu gén tin higu tuan ty .khi phat biéu gan tin higu xuat hién bén
ngoai cia mot process goi phat biéu gan tin hiéu tuan ty. phat biéu gan tin hiéu dong thoi 1a mot sy kién
trigger (event-triggered).D 1a nd thuc thi bat ky lic nao c6 mot su kién trén tin hidu xuét hién bén trong biéu
thirc ciia n6 .Khi phét biéu gan tin hiéu tuan tu khdng la event-triggeredva thyc thi tuan ty trong quan hé cua
nhitng phat biéu tuan tu khac xuat hién bén trong process .

Bén canh sy khac nhau trén phat biéu gan tin hiéu d¢ong thoi 1a dong nhat véi phat biéu gan tin hiéu tuan
ty trong nhitng s6 hang cua hanh vi caa chiing
Déi voi méi phét biéu gan tin hidu dong thoi c6 mot phét biéu qua trinh tuong duong vé mat ngir nghia .
Phat biéu gén tin hiéu dong thoi

CLEAR<=RESET or PRESET after 15 ns;

--RESET and PRESET are signals
tiong dwong véi phat biéu sau
process
begin
CLEAR<=RESET or PRESET after 15ns
wait on RESET,PRESET;
end process;
Phat biéu gan tin hiéu dong nhat xuat hién bén trong mot phat biéu process véi 1 phat biéu wait
,chling cuasensitivity list bao gém nhitng tin hiéu dugc sir dung trong biéu thirc cua phat biéu gan tin higu
dong thoi
Mot phét biéu gén tin hiéu dong thoi c6 thé tao nhu tri hodn .Nhu:
CLEAR <=postponee RESET or PRESET after 15 ns ;
Ngit nghia ctia phat biéu trén thi dong nhat véi ngir nghia cua phét biéu process dong nhat ciia nd.Nghia la
mot process tri hoan.

5.3 DELTA DELAY REVISITED :

Trong mét phat biéu gan tin hi¢u néu khdng c6 tri hodn hoac tri hodn 1a 0 ns Mot delta delay duoc dit ra
.Delta delay la mét tong so thoi gian vo cting nho .N6 khong la thoi glan thuc va khong gay ra thoi gian mo
phong thuc dé thay doi .Co cau delta delay cung cap thir tu sy kién c6 thé xay ra trong cuing mét thoi gian
mo phong .

Chuwong 6 : STRUCTURE MODELING

Chuong nay mé ta kiéu ciu tric caa md hinh . Thuc thé 13 mé hinh, 13 kiéu tap hop céc thanh
phan két ndi bai cac tin hiéu , nd nhu 1a 1 mang ludi (netlist). Hanh vi cta entity khong thé hien ro
tir md hinh caa né . Cac phat biéu component instantiation 1a co ché chu yéu dugc str dung cho viéc
mo ta 1 mé hinh cua entity.

6.1 MOT VI DU :
Bao gom mach duoc chi ra & hinh 6.1 va cau trdc mé hinh VHDL cua no 1a :
entity GATING is
port (A,CK,MR,DIN :in BIT ; RDY,CTRLA :out BIT);
end GATING;
architecture STRUCTURE_VIEW of GATING is
component AND2
port (X,Y:in BIT; Z : out BIT);



end component;
component DFF
port (D,CLOCK:in BIT; Q,QBAR : out BIT);
end component;
component NOR2
port (DA,DB:in BIT; DZ : out BIT);
end component;
signal S1,S2 :BIT,;

begin
D1: DFF port map (A,CK,S1,S2);
Al: AND2 port map ( S2,DIN,CTRLA);
N1: NOR2 port map (S1,MR,RDY);
End STRUTURE_VIEW
Ghichi :
Q’ la QBAR.
> la clock.

Ba component AND2,DFF, va NOR2 dugc khai b&o , cac thcomponent nay ¢ trong architecture body
qua 3 phat biéu component instantiation va ching duoc két ndi qua tin hiéu S1 va S2 . Cac phat biéu
component instantiation Ia cac phat biéu dong thoi va thi ty xuét hién cia ching trong architecture body la
khong quan trong.

Tuy nhién mdi mdt component instantiation phai cd nhan component khac nhau , vi du Al 1a nhan cho
component AND2.
6.2 KHAI BAO COMPONENT :

Mgt component instantiation trong mo ta cau tric phai khai bao sur dung 1 component . Thanh phé}n
khai bao la khai bao tén va cac giao tiep bén ngoai component. Giao tiep bén ngoai xac dinh mé hinh va kicu
cua cac cong . Cu phép cua 1 form trong khai bdo component don gian la:

component component_name {is}
{port (list_of_interface_ports);}
end component { component_name};

Component name la chi din dén tén 1 entity d ton tai trong thur vién . N6 ¢6 thé hudng dén 1 entlty )
néu khdng thi mé hinh khéng thé md phong dugc ( mo hinh c6 thé chi la thiét ké ). Thong tin bat budc c6 thé
str dung 1 configuration (configuration dwoc ban luan trong chuong sau ).

List_of_interface ports xac dinh tén , mode va type cho tung cong cua component tuong tu nhu trong
khai bao entity . tén cua cac cong co thé khac Véi tén cua cac cong trong thyc thé ma né huéng dén ( tén cac
cong khéc c6 thé dat trong configuration ).

Mot sb vi du khai bdo component 1 :

component NAND2
port (A,B :in MVL ; Z :out MVL );
end component;

component MP
port (CK,RESET,RDN,WRN : in BIT ;
DATA _BUS : inout INTEGER range 0 to 255;
ADDR_BUS :in BIT_VECTOR (15 downto 0));



end component ;

component RX
port (CK,RESET,ENABLE , DATAIN,RD : in BIT ;
DATA_OUT :inout INTEGER range 0 to (2**8-1);
PARITY_ERROR, FRAME_ERROR,
OVERRUN_ERROR : out BOOLEAN ));
end component ;

Céc khai bao component xuat hén trong phan khai béo cia architecture body , mét khac chiing c6 thé xuat
hién traong khai bao package .Khai bao phan tir trong package nay c6 the nhin thay than 1 architecture nao do
bang cach str dung ménh dé library va use .

Vi du : entity GATING md ta trong phan trudc :
Package COMP_LIST is
component AND2
port (X,Y:in BIT; Z : out BIT);
end component;
component DFF
port (D,CLOCK:in BIT; Q,QBAR : out BIT);
end component;
component NOR2
port (DA,DB:in BIT; DZ : out BIT);
end component;
end COMP_LIST;
Package nay duoc bién dich vao thu vién DES_LIB, architecture body c6 thé viét lai nhu sau :

library DES_LIB
use DES_LIB.COMP_LIST all;
architecture STRUCTURE_VIEW of GATING is
signal S1,S2 : BIT,;
-- No need for speccitying component declaration here, since they
--Are made visible to architecture body
-- Using library and use clauses.
begin
--The component instantiation here
end COMP_LIST;

Diém thuan lgi cuia cach nay la package d6 c6 thé tham gia vao cac don vj thiét ké khac , cac khai bao
component khdng can nam trong cac don vi thiét ké .
6.3 POl TUQNG THANH PHAN ( component instantiation):

Mot phat biéu component instantiation duogc dinh nghia Ia phan con ciia entity khi n6 xuét hién .
NGO lién két cac tin hiéu trong entity véi cac cong cua subcomponent d6 . Mot phat biéu component
instantiation cé dang sau :

component_label : component_name { port map ( association_list)};

Component_label : ¢6 thé la nhan dang va ciing ¢ thé xem Ia tén cua 1 vi du.
Component_name : |a tén ctia component khai bao trudc , trong phan khai bdo component.



Association_list : lién két cac tin hiéu trong entity , goi 1a cac sb thyc (actual), véi cac cong cia
component goi la cac so6 hinh thac (formal).

Céc actual c6 thé 1a 1 tin hiéu , hién thuc cho cong input c6 thé Ia 1 biéu thirc ,c6 thé 1a 1 tir khda mo dén
cong ma no khong keét noi .

Day la 2 phuong phéap thyc hién sy lién két cua cac formal va actual:
1. Lién két theo vi tri.
2. Lién két theo tén.
3.
Trong lién két theo vi tri , association_list c6 dang sau :
actuall, actual2,actual3 ... , actualn
Mdi mot actual trong component instantiation dugc anh xa theo vi tri véi cac port trong khai bao
component. Port thir nhat trong khai b4o component twong tng voi actual thir nhat trong component
instantiation , tuong tu port thir hai twong wng véi actual thir hai , ctr thé dén hét danh sach lién két. Sau day
lalvidy:

--Component declaration:
component NAND2
port (A,B:in BIT; Z : out BIT );
end component;
--Component instantiation:
N1: NAND2 port map (S1,52,S3);

N1 la nhan ciia component ddi véi ddi tuong hién hanh caa component NAND2. Tin hiéu S1 (1a 1 actual
) lién két vai port A ( 1a 1 formal) cuia component NAND2, tin higu S2 ( 1a 1 actual ) lién két véi port B (1a 1
formal) ciia component NAND2, va S3 lién két vgi port Z . Tin hiéu S1 va S2 cung cap 2 gia tri input cho
component NAND2 , va tin hi¢u S3 nhan gia tri tir port output cia component. Thir ty cAc s6 thyc 6day rat
quan trong.

~ Néu 1 cong trong component instantiation khong c6 tin higu nao két néi , c6 thé sir dung tir khoa open dé
biéu hién cho port khéng c6 noi két . Vi du:

N3 : NAND2 port map (S1,0pen,S3);
Port input thir hai cua component NAND2 khong c6 tin hi¢u nao lién két . Mot port input c6 thé dua vao
khai bao cua chuing gia tri ban dau . Trong phat bicu component instantiation truéc dé cho hop phap , port B
phai c6 gia tri dau la 1 bicu thuc.
component NAND?2
port (A,B:inBIT :=’0" ; Z: out BIT );
-- both A and B have an initial value of ‘0’ ; however, only

--the initial value of B is necessary inthis case.
end component;

Trong lién két bang tén , association_list c6 dang sau :
Formall => actuall ,formal2 => actual2 ... , formaln => actualn
Vi du xem xét component NOR2 trong khai bao entity GATING trong phan truéc , ¢6 thé viét lai nhu sau

N1: NOR2 port map ( DB => MR, DZ => RDY , DA => S1);



Trong truong hop nay , tin hiéu MR ( 1 actual) ,d& dugc khai bao trong danh sach céc port cua entity, lién
két t6i port thir hai( port DB, Ia formal) caa NOR2 , tin hiéu RDY lién két vai port thir ba ( port DZ) va tin
hiéu S1 lién két vai port thir nhat ( port DA) caa NOR2. Trong lién két bang tén , thir ty cia cac lién két la
khéng quan trong ,anh xa giita cac actual va cac formal duoc xac dinh mét cach rd rang . Diém quan trong
can cha y la pham vi cua cac formal dugc giGi han trong phan anh xa cua ddi twong cho thanh phan d6 , vi
du formal DA, DB, va DZ cia component NOR2 chi thich hop trong anh xa cua di tugng thanh phan
NOR2.

Bat cir kicu lién két nao né ciing chiu rang budc bai ngdn ngir . Trong kiéu lién két dau , cac kiéu cua
formal va actual trong lién két phai gidng nhau. Trong kiéu lién két thir hai , cac mode ciia cac port phai déap
g véi qui dinh ,d6 1a néu formal doc dugc thi actual ciing phai doc duoc , néu formal viét duogc thi actual
ciing phai viét duoc . Céc tin hiéu khai béo cuc bo xem xét ca hai tinh doc va viét , mot tin hiéu c6 thé lién két
v6i formal cua mode d6 . Néu actual laport ciia mode in , n6 khong thé lién két voi formal cia mode out
hozc inout , néu actual laport cia mode out , n6 khdng thé lién két véi formal cia mode in hodc inout , néu
actual laport cia mode inout , né co6 thé lien két véi formal caa mode in,out hodc inout .

Diéu quan trong can chd y 12 1 actual ciia mode out hogc inout cho biét dang cia tin hiéu nguon , néu
tin hiéu 1a da diéu khién thi né cting duoc xac dinh . Mot port dém khéng c¢6 tin hiéu nguon , ma né chi lién
két vai 1 port @éém khéac hoac tin hiéu chi c6 1 nguon .

Mot vi du khéc ctia component instantiation 12 :
M1: MICRO port map ( UDIN (3 downto 0), WRN,RDN,STATUS(0),
STATUS(1),UDOUT( 0 to 7), TXDATA);

Actual dau tién cua anh xa chi dén 1 phan vector tin higu UDIN , WRN va RDN la céc tin hi¢u 1 bit ,
STATUS(0) va STATUS(1) chi den phan tir thir 0 va 1 cua ddy STATUS , UDOUT(0 to 7) chi ra so thanh
phan cua vector UDOUT , va TXDATA chi tgi toan bo 1 vector tin hiéu.

Céc vi du nay chi ra rang ,cac tin hiéu sir dung cho két néi chung quanh c6 thé 1a 1 trong cac dang sau :
+ Slices.
+ Vectors.
+ Array elements.
6.4 CAC Vi DU KHAC :

Céu trac cua mach parity 9 bit xemhinh 6.2
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Hinh 6.2 A 9 bit parity generator circuit.



entity PARITY_9_BIT is
port (D :in BIT_VECTOR (8 downto 0);
EVENT :out BIT ; ODD : buffer BIT );
end PARITY_9 BIT;

architecture PARITY_STR of PARITY_9 BIT is
component XOR2
port ( A,B:in BIT; Z:out BIT);
end component;
component INV2
port ( A:in BIT; Z:out BIT);
end component;
signal EO,E1,E2,E3,FO,F1,HO:BIT ;
begin
XEO : XOR2 port map ( D(0), D(1), EQ);
XE1 : XOR2 port map ( D(2), D(3), E1);
XE2 : XOR2 port map ( D(4), D(5), E2);
XE3 : XOR2 port map ( D(6), D(7), E3);
XFO0 : XOR2 port map ( EO, E1, FO);
XF1: XOR2 port map (E2, E3, F1);
XHO : XOR2 port map ( FO, F1, HO);
XODD : XOR2 port map ( HO, D(8), ODD );
XEVENT: INV2 port map ( ODD,EVENT );

Trong vi dy nay ,port ODD Ia kiéu bo dém tir gia tri cua port nay duoc doc ciing nhu viét vao bén trong
architecture . Néu port nay dugc khai bao la mode inout , thi cac tin hiéu dinh nghia bén ngoai cua thiet ke
PARITY_9_BIT can co kha nang diéu khién cac port nay, mac du cd thé n6 khdng yéu cau.

Mot vi du by ¢ém 10 sir dung J — K flip flop xem hinh 6.3 :
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Hinh 6.3 A decade counter.

entity DECADE_CTR is
port (COUNT : in BIT ; Z : buffer BIT_VECTOR(O to 3));
end DECADE_CTR;

architecture NET_LIST of DECADE_CTR is
component JK_FF
port (J,K,CK:in BIT ; Q,Q’ :buffer BIT );
end component;



component AND_GATE
port (A,B :in BIT; C: out BIT );
end component;
signal S1,S2: BIT,;
begin
Al: AND_GATE port map (Z(2),Z(1),51);
JK1: JK_FF port map (“1°,’1’, count , Z(0), open);
JK3: JK_FF port map (‘1°,’1’, Z(1) , Z(2), open);
JK4: JK_FF port map (S1,’1’, Z(0) , Z(3), S2);
JK2: JK_FF port map (S2,’1’, Z(0) , Z(1), open);

Vi du trén sir dung gié tri constant hozc biéu thirc constant cho actual trong phan &nh xa.

Céc kiéu cau trac c6 thé md phong sau cac thuc thé ma component mo ta kiéu va vi tri trong thu vién
thiét ké . Thyc thé 083 mirc thap phai la cac kiéu hanh vi . Ngir nghia md phong caa component instantiation
qua vi du ta ¢ thé hiéu rd hon , Hiy xem component instantiation A1 trong vi du trudc .

Hanh vi twong duong caa chdng dugc mé ta :

Al: block -- A block for each instantiation .
port (A,B:inBIT ; C: out BIT); -- Port in component.
-- declaration.
port map (C =>S1, A=>7Z(2), B =>Z(1)); -- association list.
begin
AND_GATE : block -- the entity block.
port (A,B:in BIT ; C :out BIT ); -- port of entity.
port map (A=>A,B=>B,C=>C); -- association of component ports

with entity ports.
-- declarations that occur in entity declaration and architecture body
of AND_GATE entity appear here.
Begin
-- Behavior in architecture body for AND_GATE entity.
-- For examble
--C<=Aand B after 10 ns ;
end block AND_GATE;
end block Al;
Phat biéu block c6 thé c6 1 danh sach port va 1 port map . Danh sach port dugc xéac dinh cac port, qua d6
block trao d6i théng tin voi mdi truong bén ngoai .
Port map xac dinh anh xa gitra cac port va cac tin hiéu trong mdi truong bén ngoai cua block véi cac port
ma chung két ndi .
Dang khai bao block dwoc mé ta rd hon trong chwong 10. Vi du sau day 1a mach cia bo d¢ém 1én xuéng 3
bit , cAu trdc nhu sau:

entity UP_DOWN is
port (CLK , CNT_UP,CNT_DOWN : in BIT,;
Q0,Q1,Q2 : buffer BIT );
end UP_DOWN;
architecture COUNTER of UP_DOWN is
component JK_FF
port (J,K,CK :in BIT; Q,Q’ :out BIT);
end component;
component AND2
port (A,B : in BIT; C :out BIT);
end component;



component OR2
port (A,B :in BIT; C :out BIT);
end component;
signal S1,S2,53,54,S5,56,57,S8 : BIT,;
begin

JK1: JK_FF por_map (‘1’,’1’,CLK,Q0,S1);
Al : AND2 port map (CNT_UP, QO, S2);
A2 : AND2 port map ( S1, CNT_DOWN , S3);
O1: OR2 port map ( S2, S3, S4);
JK2: JK_FF por_map (‘1°,’1°,54,Q1,S5);
A3 : AND2 port map (Q1, CNT_UP, S7);
A4 : AND2 port map ( S5, CNT_DOWN , S6);
02 : OR2 port map ( S7, S6, S8);
JK3: JK_FF por_map (‘1’,’1’,58,Q2,0pen);

end COUNTER;
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( J,K input of all flip flop connected to ‘1°)

Hinh 6.4 A 3 bit up down counter .
6.5 Phén tich céc gié tri tin hi¢u :

Néu céc output cua 2 component diéu khién chung 1 tin hiéu , gia tri cua tin hiéu phai duoc xéac dinh
béi ham phan tich . twong tu Vi truong hop nay , tin hiéu dugc st dung gan cho nhiéu hon 1 phét biéu gan
tin hiéu dong thoi . Vi du gia sir mach xem trong hinh 6.5 , tin hiéu chung RS1 dugc diéu khién bai cac cong
vao va 2 duong ra ,tin hiéu nay duoc qua cong dao tao nén két qua Z .
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Hinh 6.5 Two component driving a common signal.

entity DRIVING_SIGNAL is
port (A,B,C,D:inBIT;Z:outBIT);
end DRIVING_SIGNAL ;
-- PULL_UP is the name of a function defined in package
RF_PACK that has been compiled into the working library .
use WORK.RF_PACK.PULL_UP;
architecture RESOLVED of DRIVING_SIGNAL is
signal RS1:BIT;
component AND?2
port ( IN1,IN2:in BIT ; OUT1 : out BIT );
end component;
component INV
port ( X:in BIT ; Y : out BIT );
end component;
begin
Al : AND2 port map ( A,B,RS1);
A2 : AND2 port map ( C,D,RS1);
L1:INV port map (RS1, Z );
end RESOLVED;
Diém then chdt & day la khi ¢ sy kién qua phép gan dén tin hi¢u RS1 khong lam anh hudng viéc sir dung cac
phat biéu gan tin hiéu , tin hiéu RS1 duoc diéu khién bai 2 cong output , va do d6 phai dugc xac dinh boi
ham phan tich . trong Vi dy trude , ham phan tich PULL_UP lién quan vai tin higu RS1 .
Diéu d6 y ndi rang cac gia tri cua cac cong output va gia tri cac COng da qua ham phan tich s& gan cho tin
hiéu RS1 . M&i 6t cng out, inout , buffer cua component tao duong diéu khién cho tin hiéu ma n6 lién két.

CHUONG 7 : PAC PIEM CHUNG & CAU HINH

Chuong nay giéi thiéu cac generics va cac vi du dé minh hoa lam thé nao ma cac kiéu thong tin c6
the dugc gui vao mot thuc the (entity) dung cac generics. Phan sau cua chuong nay thao luan ve sy can thict
phai dinh cau hinh (configuration) va trinh bay hai ky thuat xoay chiéu (alternate mechanism) dé dinh cau



hinh, goi la dc ta ciu hinh (configuration specification) va khai béo cau hinh (configuration declaration).
Tao nac truc tiép (direct instantiation) c6 thé dugc sir dung dé khéng phai viét cau hinh. Bac diém nay, tay
theo ki thuat lién két tré (delay binding mechanism), ciing dugc mé ta trong chuong nay.
7.1. GENERICS
Generics thuong hiru dung de gui kleu thdng tin tr mGi truong vao ma ta thiet ké. Vi du nhu sy tang
giam do tré va kich thugc cua cac cong giao tlep Diéu nay duogc thuc hién nho cac generic. Cac generic cia
mot thyc thé (entity) dwoc khai bao tly theo cong ciia nd trong khai bao thyc thé (entity declaration).
Vi du: mét generic N ngd nhap:
entity AND_GATE is
generic(N:NATURAL);
port(A:in BIT_VECTOR(1 to N); Z:out BIT);
end AND_GATE;

architecture GENERIC_EX of AND_GATE is
begin
process (A)
variable AND_OUT: BIT,;
begin
AND_OUT = ‘1%,
for Kin1to N loop
AND_OUT := AND_OUT and A(K);
exit when AND_OUT="0’;
end loop;
Z <= AND_OUT;
end process;

end GENERIC_EX;

Trong vi du nay, kich thuéc cong nhap dugc thiét ké nhu 1a mot generic. Bang céch nay, chiing ta c6
thé thiét ké mot 16p toan bo cac cong voi sb lwgng ngd nhap bién thién ding mo ta don. Bay gio, thuc thé
(entity) AND_GATE c6 thé duoc sir dung vai s6 hrong cong nhap khac nhau trong cac nac (instantiations)
khac nhau.

Mot generic khai bao mot ddi twong khéng doi (constant object) ciia kiéu (gia tri chi doc) va co thé
dugc dung trong khai bao thyc thé va cac phan than kién tric (architecture body) tuong tng ciia nd. Gia tri
khéng doi nay c6 thé duoc dac ta nhu 1a mét biéu thirc tinh toan cuc (globally static expression) theo mot
trong cac céach sau:

1. Khai bao thyc thé (entity declaration)

2. Khai bao thanh phan (component declaration)

3. Tao nic thanh phan (component instantiation)

4. Dic ta cau hinh (configuration specification)

5. Khai bao cu hinh (configuration declaration)

Gia tri cia mot generic phai xac dinh duoc tai thoi diém xay dung, nghia 13, gia tri cho mét generic phai dugc
chi dinh rd rang tai thoi diém sir dung.

Gia tri cua mot generic c6 thé duoc dic ta trong khai béo thyuc thé (entity declaration) ciia mét thuc
thé (entity), nhu trong vi du trén. DAy Ia gié tri mac dinh cua generic. N6 ¢ thé dwoc dan xuét theo nhirng
cach khac.
entity NAND_GATE is

generic(M:INTEGER:=2); -M models the number of inputs.

port(A:in BIT_VECTOR(M downto 1); Z: out BIT);
end NAND_GATE;

Hai cach khéac d¢é dac ta gia tri generic la trong khai bao thanh phan (component declaration) va trong
tao nic thanh phan (component instantiation).
Vi du:



entity ANOTHERGEN_EX is
end;

architecture GEN_IN_COMP of ANOTHER_GEN_EXis

- Khai bao thanh phan cho NAND_GATE:

component NAND_GATE

generic(M:INTEGER);
port(A:in BIT_VECTOR(M downto 1);Z:out BIT);

end component;

- Khai bao thanh phan cho AND_GATE:

component AND_GATE

generic(N:NATURAL :=5);
port(A:in BIT_VECTOR(1 to N); Z:out BIT);

end component;

signal S1, S2, S3, S4: BIT,;

signal SA: BIT_VECTOR(1 to 5);

signal SB: BIT_VECTOR(2 downto 1);

signal SC: BIT_VECTOR(1 to 10);

signal SD: BIT_VECTOR(5 downto 0);

begin

- tao nac thanh phan:

N1:NAND_GATE generic map (6) port map (SD, S1);
Al:AND_GATE generic map (N=>10) port map (SC,S3);
A2:AND_GATE port map (SA, S4);

- NAND_GATE port map (SB, S2);

end GEN_IN_COMP;

Gia str cac thanh phan NAND_GATE va AND_GATE dugc bugc (bound) téi cac thuc thé (entity)
NAND_GATE va AND_GATE d4 md ta truéc d6. Khai bao thanh phan (component declaration) cho
AND_GATE dic ta mot gié tri cho generic. Khi thanh phan (component) nay dugc tao nic (instantiate) va
mot gla tri generic méi duoc gan dung anh xa generic nhu trong nac (instance) Al, gia tri mei la 10, dan xuat
tur gia tri dac ta trong khai bao thanh phan (component declaration) 1a 5. Khi thanh phan (component)
AND_GATE dugc tao nic (instantiate) va khéng cé anh xa generic nao duoc dac ta, nhu trong nac (instance)
A2, thi gia tri generlc d4 dac ta trong khai béo thanh phan Ia 5, dwoc sir dung. Trong truorng hop cua nac
(instance) N1, gia tri duoc dic ta trong 4nh xa generic 1a 6, dugc dan xuat gia tri d& gan cho generic trong
khai béo thyc thé (entity declaration) NAND_GATE la 2. Truong hop nac (instance) N2 trong dong chil
thich Ia khong hop 1¢, bai vi khdng c6 ca tao nac 1an khai bao cung cap gié tri cho generic.

Phan than kién trdc (architecture body) d& md ta trudc d6 ding ca phéap tong quat hon cho cau Iénh
khai bao thanh phan va tao nac thanh phan:

- Khai bao thanh phan:

component component-name [is]

[generic(list-of-generics);]
[port(list-of-interface-ports);

end component[component-name];

- Tao nac thanh phan:

component-label: component-name

[generic map(generic-association-list)]
[port map(ports-association-list)];

Céc gia tri cho cac generic ciing c6 thé dugc dic ta trong phan dac ta cau hinh (configuration
specification) hay khai bao cau hinh (configuration declaration). Ching ta s& xem xét trong phan cau hinh.
Vi du: mé hinh ctia cong NOR véi generic tang giam tré (delays):

entity NOR2 is

generic(PT_HL,PT_LH:TIME range 0 ns to TIMEHIGH);



port(DA, DB: in BIT; DZ: out BIT);
end NOR2;
architecture NOR2_DELAYS of NOR2 is
signal TEMP: BIT,;
begin
TEMP <= not(DA or DB);
DZ <= TEMP after PT_HL when TEMP = ‘0’ else
TEMP after PT_LH;
end NOR2_DELAYS;
Boi vi khong c6 cac gia tri mac dinh dugc cung cap cho cac generic, cac gia tri phai dwoc cung cap khi thuc
thé nay duoc tao nac (instantiate) hoac cau hinh (configure).
Gia str mot cong OR dugc xay dung ding 2 cong NOR; mdi cong NOR dugc mé ta trude. Tang giam
tré duoc dac ta khi thanh phan (component) NOR2 duoc tao nic.
Vi du: sy lan truyén tré dugc dic ta trong tirng cau Iénh tao nac thanh phan (component instantiation).
entity OR2 is
port(A,B: in BIT; C: out BIT);
end OR2;

architecture OR2_NOR2 of OR2 is
component NOR2
generic(PT_HL, PT_LH: TIME);
port(A, B: in BIT; Z: out BIT);
end component;

signal S1: BIT,;
begin
N1:NOR2 generic map(5 ns,3 ns) poprt map(A,B,S1);
N2:NOR2 generic map(6 ns,
5 ns) poprt map(S1,S1,C);
end;

Céc cong dung khéac cua cac generic bao gom cac linh vuc xay dung mé hinh (modeling ranges) cua cac kiéu
con (subtype)
Vi du:

subtype ALUBUS is INTEGER range TOP downto 0

- TOP la mot generic.

Céc generic ciing c6 thé dugc dung dé diéu khién sé lwong nic (instance) cia mot thanh phan (component)
trong phat biéu tong quat (xem chuong 10).

7.2. TAI SAO PINH CAU HINH (configuration)?

bay la hai ly do chinh:

1. Pai khi n6 cé thé tien loi dé dac ta nhiéu phép chiéu (view) cho mot thyc thé don (single entity)
va str dung mot trong cac phép chiéu nay dé mé phong. Biéu nay c6 thé dugc thuc hién dé dang
bang cac dac ta mot than kién tric (architecture body) cho tirng phép chiéu (view) va ding mot
cau hinh (configuration) d¢ lién két (bind) than kién tric (architecture body) ¢4 mé ta. Vi du, ¢
day c6 the c6 ba than kién truc (architecture body), goi 1a FA_BEH, FA_STR, va FA_MIXED,
twong tng vai mot thyc thé (entity) FULL_ADDER. Mot kién tric (architecture) bat ky c6 thé
duoc chon dé mé phong bang cach dac ta mot cau hinh (configuration) thich hop.

2. Tuong ty truong hop trén, ¢ thé mo ta bang cach két ndi (associate) mot thanh phan
(component) véi mét tap thuc thé (entity) bat ky. Khai bao thanh phan (component declaration)
co thé gom c6 tén thanh phan (component) va tén, kiéu, sb hrong cong va cac generic khac tir cac
cong nay cia thyc thé cia no.

Vi du: khai b4o mot thanh phan (component) sir dung trong thiét ké:
component OR2



port(A,B: in BIT; Z: out BIT);
end component;
va cac thyc thé ma thanh phan trén c6 thé bi budc (bound) la:
entity OR_GENERIC is
port(N: out BIT; L,M: in BIT);
end OR_GENERIC;
entity OR_HS is
Port(X,Y: in BIT; Z: out BIT);
end OR_HS;
Tén thanh phan, tén thyc thé, ciing nhu tén cong va thir tw caa ching 1a khac nhau. Trong truong
hop chiing ta c6 thé ding thuc thé (entity) OR_HS cho thanh phan (component) OR2, va trong
truong hop khac, 1a thuc thé OR_GENERIC. Diéu ndy c6 thé duoc thuc hién bang cac dic ta mot
cau hinh phu hop cho thanh phan (component). Loi thé 1a & chd khi cac thanh phan dugc sir dung
trong thiét ké, cho céc thanh phan va cac cong giao tiép cuia chdng cd thé dugc sir dung tén tly y,
va sau d6 c6 thé dugc budc (bound) téi cac thyc thé (entity) truge khi mé phong (simulation).

Vi vay mét cau hinh dugc ding dé ndi ting cap nhu sau:

- Mot than kién tric (architecture body) ti khai bao thyuc thé (entity declaration) cua no.

- Mt thanh phan (component) véi mot thuc thé (entity).

Chi y: mét cau hinh khong c6 bat ky mot ngir nghia mé phong nao két hop véi nd; né chi dac ta mot
thyc thé muc cao nhat (top-level entity) dwoc t6 chirc nhu thé nao trong gigi han (term) ciia cac thyc thé muc
thap hon (lower-level entities) bang cach dic ta sy rang budc (binding) giira cac thyc thé. Ngon ngit cung cap
hai cach dé biéu dién sy rang budc nay:

1. Bang cach ding dic ta cau hinh

2. Bang cach dung khai bao cau hinh

7.3. PaC Ta CaU HINH (configuration specification)
Mot dac ta cau hinh dugc st dung dé rang budc (bind) cac nac thanh phan (component instantiation) voi cac
thyc thé riéng biét (specific entities) luu trir trong cac thu vién thiét ké. Viéc dac ta xuat hién trong phan khai
bao cua kién trdc (architecture) hoic trong khdi cac thanh phan duoc tao nac. Viéc rang busc mot thanh phan
v6i mot thuc thé co thé duoc thuc hién trén mot perinstance co ban, cho tit ca cac nac (instantiation) ciia mot
thanh phan thanh phan (component), hoic cho mat tap hop cac nac (instantiation) ciia mot thanh phan thanh
phan (component) d& dugc chon lya. CAc nic cua cac thanh phan khéc nhau ciing c6 thé dugc rang budc
(bound) véi ciing mét thyc thé thyc thé (entity).

library HS_LIB,CMOS_LIB:

entity FULL_ADDER is

port(A,B,CIN: in BIT; SUM,COUT: out BIT):
end;
architecture FA_STR of FULL_ADDER is
component XOR2
port(D1,D2: in BIT; DZ:out BIT);
end component;
component AND?2
port(Z:out BIT; AO0,Al: in BIT);
end component;
- bic ta cau hinh:
for X1,X2: XOR2
use entity WORK.XOR2(XO2BEH); - lién két thyc thé
- v6i nhiéu nic ciia mot thanh phan
for A3: AND2
use entity HS_LIB.AND2HS(AND2STR):
port map (HS_B=>A1,HS_Z=>Z HS_A=>A0);
- lién két thuc thé voi tao nic don cua mot thanh phan
for all: OR2



use entity CMOS_LIB.OR2CMOS(OR2STR); - lién két
- thyc thé vai tat ca cac nic cua thanh phan OR2
for others: AND2
use entity WORK.A_GATE(A_GATE_BODY);
port map (A0,AL,Z); - lién két thyc thé voi tat
- ¢4 c4c nac khdng dugc bugc cua thanh phan AND2
signal S1,5S2,53,54,S5: BIT,;
begin
X1:XOR2 port map (A,B,S1);
X2:XOR2 port map (S1,CIN,SUM);
A1:AND2 port map (S2,A,B);
A2:AND2 port map (S3,B,CIN);
A3:AND2 port map (S4,A,CIN);
01:0R2 port map (S2,S3,S5);
02:0R2 port map (S3,B,CIN);
- NAND_GATE port map (S4,S5,COUT);
end FA STR;

T D—

C6 bon dac ta cau hinfi'trong gharfkhai bao cua thgn kién triic (architecture body):

Dic ta thir nhat chi rang va X2 cua thanh phan thanh phan (component) XOR2 dugc
rang budc véi thuc thé dai dién bgi cap thuc th¢ — kién trdc (entity-architecture) XOR2 va XOR2BEH
trong thu wen"WIbRkl Mach cong toan phan 1bit

Dic ta thir hai rang bugc (bind) nic A3 cia thanh phan AND2 véi thuc thé dai dién bai cap thuc thé —
kién triic (entity-architecture) AND2HS va AND2STR trong thu vién thiét ké HS_LIB. Anh xa ciia cac
cong thanh phan (AND2) va cac cong thuc thé (AND2HS) duoc dic ta dung lién két tén

Vi dy, cong HS_A cua thuc thé AND2HS duoc anh xa téi cong A0 caa thanh phan AND2.

Dic ta thir ba chi rang tat ca cac nac (instances) cua thanh phan OR2 sir dung thuc thé dai dién bsi cip
thyc thé — kién tric (entity- archltecture) trong thu vién thiét ké CMOS_LIB.
Dic ta cudi cling chi rang tat ca cac nac (instance) khong rang bu¢c (unbound) cua thanh phan thanh
phan (component) AND?2, nghia la nac (instance) Al va A2, dugc rang budc téi thyc thé (entity)
A_GATE dung kién tric (architecture) A GATE_BODY trong thu vién WORK.

Trong vi du truéc d& minh hoa rang cac nac (instance) ctia cling mot thanh phan (component) cd thé

duoc rang budc (bound) véi cac thyc thé khac nhau. Hinh 7.2 mé ta su rang bugc nay.

Tuong ty, ciing c6 thé rang bugc cac thanh phan (component) khac nhau véi cling mot thyc thé

FULL_ADDER bind A GATE
% A_GATE_BODY

FA_STR | Al: AND2 ..
A2: AND2 ...

AND2HS
A3: AND2 ... w
1 AND2STR — V¥

Hinh 7.2: Cac nic khac nhau budc tédi cac thyc thé khac nhau




(entity). Xem vi du trong hinh 7.3. Hinh nay md ta rang khong c6 gi dac biét trong thanh phan (component)
AND?2. Bing c4ch rang budc mét nac (instance) ciia thanh phan (component) AND2 véi thuc thé (entity)
OR_GATE, nac nay duoc xay dung nhu la dic ta trong kién trac cua thyc thé (entity) OR_GATE. Méi lién
két (bind) nhu vay c6 thé 1am cho nguoi doc khong dong y, méc dui n6 diing, nhung doi khi can thiét. Vi dy,
trong khi chay tung budc (debuggmg) mot mo hinh chung ta c6 thé mudn thay anh hudng cua viéc dac ta mot
cong AND d6i voi mot cong OR ma khong thay doi cac phan mé ta con lai . Thuyc thé (entity) P c6 bon doi
tuong thanh phan (component instance), PX1 va PX2 cua thanh phan (component) kiéu PX, PY1 cta thanh
phan kiéu PY va PW1 cua thanh phan kiéu PW. Céc déi tuong thanh phan PX1 va PY1 duoc budc (bound)
t6i thyc the Q, trong khi PX2 dugc budc téi R. Céc ddi tuong thanh phin QL1 va QL2 (cia thanh phan kiéu
QL) trong thyuc thé Q duogc budc téi cac thyuc thé S va T. Céc ddi tugng thanh phan RL1 va RM1 trong thuc
thé R dugc budc toi cac thyc thé S va W. Tat ca cac ddi twong thanh phan trong S va T, va thanh phan PW1
trong thuc thé P, duoc bugc téi thie thé don W. N6i cach khéc, tat ca cac thuc thé P, Q, R, S, va T duoc xay
dung ké thira (hierarchically) tir mot thanh phan don ban dau 1a W.

CU phép dac ta cau hinh:
for list-of-comp-labels: component-name binding-indication;
binding-indication: thyc thé dai dién bai cap thuc thé kién tric, va cac méi lién két cong va generic, va day la
mét dang cua no:
use entity entity-name [(architecture-name)]
[generic map (generics-association-list)]
[port map (port-association-list) -form1
Danh séch nhan cac thanh phan c6 thé dugc thay thé bing tir khda chi rd tat ca cac nac (instance) cua
mot thanh phan (component), n6 ciing co thé Ia cac tir khda khac dic ta tat ca cac nic (instance) chua duoc
bugc cua mot thanh phan. Anh Xa generic (generic map) duoc st dung dé dac ta cac gia tri cho generic hoic
cung cap anh xa gita cac tham sb generic cua thanh phan (component) va thyc thé (entity) ma né bugc téi.
Ar]h xa cong (port map) dugc sir dung dé dac ta mdi rang bugc cong (binding port) giita thanh phan va thuc
the bugc.
Vi du: dac ta cau hinh than kién trac (architecture body):
architecture DUMMY of DUMMY is
component NOR_GATE
generic(RISE_TIME, FALL_TIME: TIME);
port(S0,S1: in BIT; Q: out BIT);
end component;
component AND2_GATE
port(DOUT: out BIT; DIN: BIT_VECTOR);
end component;
for N1,N2: NOR_GATE
use entity WORK.NOR2(NO2_DELAYYS);
generic map (PT_HL =>FALL_TIME,
PT_LH=>RISE_TIME)
Port map (S0,51,Q);
for all: AND2_GATE
use entity WORK.AND2(GENERIC_EX);
generic map (10)
port map (A => DIN, Z => DOUT);
signal WR,RD,RW,S1,S2: BIT,;
signal SA: BIT_VECTOR(1 to 10);
begin
N1:NOR_GATE generic map(2 ns,3 ns) poprt map(WR,RD,RW);



Al:AND2_GATE poprt map (S1,SA);
N1:NOR_GATE generic map(4 ns,6 ns)
poprt map(S1,SA(2),S3);

end DUMMY:; ) .

Céc khai bao entity cho cac thuc thé duoc budc toi cac thanh phan NOR_GATE va AND2_GATE
la:

entity NOR2 is

generic(PT_HL,PT_LH: TIME);

port(DA,DB: in BIT; DZ: out BIT);
end NOR?2;
entity AND?2 is

generic(N:NATURAL :=5);

port(A: in BIT_VECTOR(1 to N); Z: out BIT);

end ANDZ;

Trong méi lién két cho N1 va N2, anh xa generic anh xa cac tén generic tir thuc thé (entity) NOR2 dén thanh
phan (component) NOR_GATE dung lién két tén. Céc gia tri generic d4 cung cap trong tao nac
(instantiation) vi vay dugc giri dén thuc thé (entity) NOR2 qua anh xa nay. Rang budc cong duoc dic ta ding
lién két vi tri; nghia 13, cong SO, S1, Q cua thanh phan (component) NOR_GATE &nh xa dén cac cong tuong
ing DA, DB va DZ cua thuc thé NOR2. Pic ta cau hinh cho AND2_GATE chi dinh gié tri 10 cho generic
(dung lién két vi tri), dan xuat tir gia tri mac dinh (5) dé chi dinh trong khai bao entity cia thuc thé AND2.
Khai b4ao component cho AND2_GATE sé& khong dic ta bat ky mot generics nao, bai vi cac gia tri duoc gii
truc tiép dén cac generics cua thuc thé. Anh xa cong cho AND2_GATE duoc dic ta dung lién két tén.

Lam thé nao dé cAc gia tri nh xa cong va anh xa generic trong tao nac thanh phan (component
instantiation) giri vao thyc thé rang budc véi n6 theo dic ta ciu hinh? Hay lay N1 trong than kién tridc
(architecture body) trudc lam vi du:

N1: block — khdi cho tao nac thanh phan

generic(RISE_TIME,FALL_TIME:TIME);- c4c generic cta thanh phan

generic map (RISE_TIME => 2 ns, FALL_TIME => 3 ns);

port (S0,S1:in BIT; Q:out BIT); -c4c cong ciia thanh phan

port map (SO => WR, S1 =>RD, Q => RW); - anh xa c4ng trong tao nic
begin

NOR2: block

generic (PT_HL,PT_LH:TIME); -cac generic cua no
generic map (PT_HL=>FALL_TIME, PT_LH=>RISE_TIME);
- anh xa generic trong dac ta cau hinh
port (DA,DB:in BIT; DZ:out BIT); -cac cong cia nd
port map (DA => S0, DB => S1, DZ => Q); - anh xa cong trong dic ta
- cac khai bao khac trong than kién tric NOR2_DELAYS
begin
- cac phét biéu trong than kién tric NOR2_DELAYS

end block N1;

Khéi N1 duoc tao thanh tir tao nic thanh phan (component instantiation) cia NOR_GATE. Anh xa generic
va anh xa cong cho khdi nay la anh xa generic va anh xa cong dic ta trong tao nac thanh phan (component
instantiation) cho N1; nghia I3, cht’mg dic ta anh xa gitra c4c gia tri va tin hiéu trong phét tao nac thanh phan
(component instantiation) véi cac generics va cac céng cua thanh phan (component) NOR_GATE. Bén trong
khéi NOR2 mo ta thuc thé (entity) NOR2 ma tao nac thanh phan (component instantiation) N1 duoc rang
budc ti trong déc ta cau hinh. Anh xa generic va anh xa cong caa khoi ‘nay déc td anh xa generic va anh xa
cong trong dac ta cau hinh; nghia 13, chling dac ta anh xa giira thanh phan (component) NOR_GATE va thyuc
thé (entity) NOR2.



7.4. KHAI BAO CAU HINH (configuration declaration)

Khai béo cau hinh phai xuat hién trong mét than kién triic (architecture body). Vi vay, dé thay doi mdi lién
két (binding) ta phai thay d6i than kién truc va phan tich lai. Dleu nay c6 thé gay tro ngai va ton thoi gian. D&
tranh diéu nay, nguoi ta ding khai bao cau hinh dé dac ta mot mdi lién két.

Mot khai bao cau hinh 1a mot don vi thiét ké doc Iap. Vi vay n6 cho phép lién két tré cac thanh phan,
nghia 13, cac mdi lién két c6 thé dugc thuc hién sau khi d viét than kién trdc (architecture body). N6 ciing c6
thé c6 nhiéu khai bao cau hinh cho mét thuc thé (entity), méi khai bao cau hinh dinh nghia mét tap hop cac
moi lién két cho cac thanh phan trong mot than kién tric don (single architecture body), hoac cd thé dic ta
mot cap don vi thyc thé — kién tric (unique entity-architecture pair).

Dang thirc dac trung cua khai bao cau hinh la:
configuaration configuaration-name of entity-name is

block-configuaration
end [configuaration] [configuaration-name];

N6 khai bao mat cau hinh (configuration) vai tén Ia configuration-name cua thyc thé entity-name. Mot block-
configuration dinh nghia mdi lién két cuia cac thanh phan trong khdi, noi ma mét khéi cé thé 1a mot than kién
trdc (architecture body), mot phat biéu khi, hozc mot phat biéu phét sinh (generate). Méi lién két (binding)
cua cac thanh phan dinh nghia trong mot phat biéu khbi va trong mot phat biéu phat sinh (generate) duoc
thao luan trong chuong 10. Cau hinh khdi 1a mét ciu trdc dé quy cé dang:

for block-name of entity-name is

component-configuarations

block-configuarations
end for;
block-name Ia tén ctia mot than kién tric (architecture body), nhan cua mét phat biéu khéi, hozc nhan cia
mot phat biéu phat sinh. Khéi muc cao nhat (top-level block) ludn ludn la mét than kién tric. Mot
component-configuration lién két cac thanh phan trong mat khdi véi cac thyc thé, va cé dang:
for list-of-comp-labels: comp-name[binding-indication;]

[block-configuarations]
end for;

Céu hinh khéi bén trong mot cau hinh thanh phan dinh nghia mdi lién két ciia cAc thanh phan & mic ké tiép
trong cap thuc thé — kién trlc (entity-architecture) dac ta boi dau hiéu lién két (binding indication).

C6 hai dang khac cua dau hiéu lién két:

use configuration configuration-name - Dang 2

use open - Dang 3
Trong dang 2, dau hiéu lién két (binding indication)chi rang cac nac thanh phan (component instance) duoc
budc téi mét cau hinh cia mot thyc thé (entity) mirc thap hon chi bai tén cau hinh. Nghia 1a khai bao cau hinh
VGi mot tén nhu vay phai ton tai. Trong dang 3, dau hiéu lién két (binding indication) chi rang cac méi lién
két chua duoc dac ta va bi tri hoan lai. Ca hai dang nay cua dau higu lién két ciing c6 thé duing trong dac ta
cau hinh.
Vi du: khai béo ciu hinh dic ta cau hinh thanh phan cho tat ca cac nac thanh phan (component instances)
trong kién triic (architecture) FA_STR cua thyuc thé (entity) FULL_ADDER d4 mé ta trong phan trudc:

library CMOS_LIB;
configuration FA_CON of FULL_ADDER is
for FA_STR
use WORK all;
for A1,A2,A3: AND2
use entity CMOS_LIB.BIGAND2(AND2STR);
end for;
for others: OR2 —dung mac dinh, dung OR2 tir thu vien WORK
end for;
for all: XOR2
use configuration WORK.XOR2CON;
end for;



end for;

end FA_CON;

Cau hinh (configuration) FA_CON lién két kién trdc (architecture) FA_STR véi thyc thé (entity)
FULL_ADDER. CAc thanh phan bén trong than kién tric (architecture body) nay, nac (instance) Al, A2 va
A3, dugc budc ti thyc thé (entity) BIGAND?2 trong thu vien CMOS_LIB. Vi tat ca cac nac (instance) cia
thanh phan (component) OR2, cac méi lién két mac dinh dugc sir dung; day la cac thyc thé trong thu vién
cling tén véi tén thanh phan. Cau hinh thanh phan cudi cing mé ta mot kiéu khac cua dau hiéu lién két
(binding indication). Trong truong hop nay, tit ca cac nic thanh phan (component instance) dugc bugc téi
mot cau hinh thay vi cap thuc thé — kién trdc (entity-architecture). Tat ca cac nac (instance) cia thanh phan
(component) XOR2 duoc budc téi cau hinh (configuration) XOR2CON trong thu vién lam viéc. Kiéu lién két
nay ciing c6 thé duoc dic ta trong dac ta cau hinh.

Diém manh cua khai b4o cau hinh I & chd cac thanh phan con (sub-component) ¢6 thé duoc budc
dung khai béo ciu hinh don. Vi dy, gia sir mot mach cong toan phan (full-adder circuit) gom hai bo cong ban
phan (full-adder) va mot cong OR. Mach cong ban phan bao gém mét cong XOR va AND. Sy phén cap cira
bo cong toan phan duoc minh hoa trong hinh 7.5
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Hinh 7.5: B cdng toan phan 1bit phan cap
M hinh cau tric cho mach cong toan phan va mach cong béan phan, khai béo ciu hinh dic ta méi
lién két cho cac thanh phan trong bo cong toan phan:
entity FULL_ADDER is
port(A,B,CIN: in BIT; SUM,COUT: out BIT):
end;

architecture FA WITH_HA of FULL_ADDER is
component HAFT_ADDER
port(HA,HB: in BIT; HS,HC:out BIT);
end component;
component OR2
port(A,B:in BIT; Z: out BIT);
end component;
signal S1,C1,C2: BIT;
begin
HAL:HAFT_ADDER port map (A,B,S1,C1);
HA2:HAFT_ADDER port map (S1,CIN,SUM,C2);
0O1:0R2 port map (C1,C2,COUT);
end FA_WITH_HA;
entity HA is
port(DO,D1: in BIT; S,C: out BIT);
end HA;



architecture HA_STR of HA is
component XOR2
port(X,Y: in BIT; Z:out BIT);
end component;
component AND?2
port(L,M:in BIT; N: out BIT);
end component;
begin
X1:XOR2 port map (D0,D1,S);
Al1:AND2 port map (D0,D1,C);

end HA STR;

library ECL;

configuration FA_HA CON of FULL_ADDER is

for FA_WITH_HA: - cau hinh khdi muc cao nhat
for HA1,HA2: HAFT_ADDER
use entity WORK.HA(HA_STR):
port map(D0=>HA,D1=>HB,S=>HS,C=>HC);
for HA_STR — c4u hinh khéi 16ng nhau
for all: XOR2
use entity WORK.XOR2(XOR2):
end for;
for A1:AND2
use configuration ECL.AND2CON;
end for;
end for;
for O1:0R2
use configuration WORK.OR2CON;
end for;
end for;

end FA_HA_CON:;

Céu hinh khéi murc cao nhat dic ta méi lién két ciia cac component instances trinh bay trong than
kién triic (architecture body) FA_WITH_HA. Néc (instance) HAL va HA2 duoc buc t6i thyc thé dic ta boi
cap thyc thé — kién tric (entity- archltecture) thyc thé (entity) HA va kién tric (architecture) HA_STR. Cau
hinh khdi 16ng nhau dac ta méi lién két cia cac nac thanh phan (component instance) trinh bay trong than
kién triic (architecture body) HA_STR. Bang cach nay, mot cau hinh c6 thé duoc 1ong vao nhau véi do sau
tly y va c6 thé dugc ding dé lién két tat ca cac thanh phan trong mot phan cap.

Theo nhur vi du trén, khi cac thanh phan trong mot phan cap dwoc rang bugc, mat khai bao cau hinh
don ¢ thé duoc sir dung dé thay thé mét tap hop dic ta ciu hinh. Néu cac dic ta cau hinh da duoc sir dung
trong vi du truéc, chiing phai dugc bao gom mot cach doc lap trong than kién tric (architecture body)

FA WITH_HA va HA_STR, va cac than kién triic nay s& phai duoc bién dich lai mdi khi thay doi méi lién

két. Cha y, mdi nac thanh phan (component instance) khdng dugc bugc dong thoi véi dic ta cau hinh.

7.5. QUY TAC MAC PINH (default rules)

Mot s6 lugng 16n thi tuc bo sung duoc giGi thigu néu cac mdi lién két cho mdi thanh phan trong thiét ké dugc

dac ta doc lap. Mot cach tién loi, ngdn ngir cung cap cac quy tac lién két mac dinh. Vi méi nac thanh phan

(component instance) khong rang budc:

- Mt thuc thé kha kién va cling tén véi thanh phan dugc ding dé lién két véi néc (instance); néu khong
ton tai mot thyuc thé nhu vay, mot dau hiéu lién két (binding indication) mic dinh cua “use open” duoc sir
dung.

- Phan I6n cau tric da phan tich mai nhat cho thuc thé dugc st dung; c6 16i néu khdng c6 mét kién tric
(architecture) nao ton tai.



- V6i mdi cong hoic generic trong nac thanh phan (component instance), phai ton tai mot cong hoac
generic twong {rng trong thuc thé (entity) co tén, kiéu (type) va ché do (mode) phi hop; bat ky cac cong
hozc generic nao trong thyuc thé ma khéng kién két dugc xem nhu ma (open); néu thiéu, né la mot 16i.

Céc quy tic mac dinh gilp tranh cac méi lién két dic bié trong cac truong hop tén thanh phan tring
vai tén thyc the, mot tién loi khac nira 1a né cho phép dung tén thanh phan chuan nhu 1a SN7400 va SN7402.

Trong cac truong hop nay, khdng c6 kién két nao ka can thiét. Tuy nhién, mot cau hinh t6i thiéu doi khi ciing

c6 thé can thiét. N6 c6 thé c6 dang:

library TTL_LIB;
configuration TLC_CON of TLC is
for TLC_STRUCTURE
use TTL_LIB.all;
end for;
end TLC_CON;

TLC la mot thyc thé d6i khi tao nac thanh phan (component instantiation) da dinh nghia bén trong than kién

trdc (architecture body) ctia nd. Cau lénh “use TTL_LIB.all” 1am cho tat ca cac thuc thé trong thu vién

TTL_LIB kha kién. Vi vay, céc thuc thé nay s& budc téi cac nac thanh phan trong than than kién trac bang

quy tic mac dinh.

7.6. HAM CHUYEN POI (conversion functions)
C6 thé chuyén doi kiéu cong ciia mot thyc thé thanh kiéu khac tir kiéu cong caa thanh phan dang budc toi. Vi
du, cho khai bao thanh phan:

component COUNTER

port (CTR: inout MVL_VECTOR;
CLK,RST: in RST; PAR: out MVL);

end component;
thanh phin COUNTER duogc budc téi mot thuc thé véi khai béo:

entity COUNTER is

port (Q: inout STD_LOGIC_VECTOR(3 downto 0);
CLOCK,RESET: in STD_LOGIC;
PARITY: out STD_LOGIC);

end COUNTER;

Diéu nay xay ra kha thuong xuyén trong thyc té, vi dy, khi mot nguoi thiét ké cung cap mot thu vién khai béo
thyc thé ding kiéu wa thich ciia minh, trong khi nguoi st dung xay dung md hinh thiét ké dung kiéu dir ligu
khac. Trong truong hop nhu vay, ham chuyen d6i co thé duoc dung dé doi cac gia tri tir kiéu nay sang kiéu
khac bang cach dic ta ham trong danh sach két hop cac méi lién két.

Trong thdng tin lién két cua mot dac ta cau hinh, khi dong dit liéu tir mot thanh phan téi mot thuc thé,
nghia 13, véi mot cong nhap, ham chuyén doi dugc dic ta véi tén cong thanh phan; nghia la ham chuyén doi
duoc thém vao trén gid tri cua COng thanh phan truge khi gan né cho cong thuc thé. Véi mét cong xuat ham
chuyen doi dugc dac ta vei tén cong thuc thé, boi vi dong dir ligu tir thuc the dén thanh phan trong khi véi
mot cong nhap xuat (inout port), ham chuyén doi dugc dic ta trén ca hai cong thanh phan va cong thuc thé.
Vi du: for all: COUNTER use entity WORK.COUNTER

port map(

TO_MVLVECTOR(Q) =>TO_STDLOGICVECTOR(CTR),

CLOCK =>TO_STDLOGIC(CLK),

RESET =>TO_STDLOGIC(RST),

TO_MVL(PARITY) => PAR);
CLOCK va RESET la cac cong nhap cua thuc thé. Vi vay, dong dit liéu tir cac cong thanh phan (CLK va
RST) dén cac cong thyc thé. Trong truong hop nay, ham chuyén d6i TO_STDLOGIC xuét hién trén cac cong
thanh phan. Gi4 tri ciia cong thanh phan la tham s6 giri toi ham chuyén doi. Gia tri tra vé tir ham chuyén doi
duoc guri toi cong thuce thé.

V6i ngd xuat PARITY, ham chuyén dbi duoc dic ta véi cong thuc thé. Gid tri cong thuc thé duoc gui
nhu 12 mét tham sé téi ham chuyén doi TO_MVL, va gi tri tra vé duoc giri ti cong thanh phan PAR.



Vi cong nhap xuat Q, ham chuyén doi xuat hién dong thoi trén cong thanh phan va cong thuc thé,
béi vi dir liéu di chuyeén theo ca hai duong. Khi dit ligu di tir thanh phan dén thyc thé, ham chuyén doi
TO_STDLOGICVECTOR dugc goi, va gié tri tra vé duoc guri toi cong thuc thé. Néu dit liéu di tir thuc thé
t6i thanh phan, ham chuyén ¢6i TO_MVLVECTOR dugc goi, va gia tri tra vé duoc giri ti cong thanh phan
CTR.

Ham chuyén doi dugc sir dung & bat ky noi nao co su két hop cac generic, cac cong, hoac cac tham
s6, nhu sy két hgp tham s6 trong mot ham hay mét thu tuc goi, trong anh xa cong va anh xa generic cua mot
phat biéu khéi, hozc mot phét biéu tao néc thanh phan (component instantiation).

7.7. TAO NAC TRUC TIEP (direct instantiation)

Mot khai bao thanh phan khai béo giao dién cia mot thanh phan. Thanh phan nay cé thé dugc tao nac ding
phat biéu tao nac thanh phan. Tuy nhién, truéc khi thuc thé chira thanh phan cd thé dugc md phong, nac
thanh phan (component instance) can phai dugc bugc hozc lién két dén mot cap thuc thé - kién tric (entity-
architecture) hoac téi mot cau hinh. Mdi rang budc nay duoc dic ta ding cau trdc bo sung, nghia 14, ding dac
ta cau hinh hoac khai bao cau hinh.

Tuy nhién, c6 thé tao nic (instantiate) truc tiép cap thuc thé - kién trdc (entity-architecture) hoic mot
cau hinh trong mot phét bicu tao nac thanh phan (component instantiation statement). Diéu nay luu tri budc
lién két bo sung khi diing cac thanh phan (component). Pay la hai dang bo sung cua phét biéu tao nac thanh
phan ¢ thé dugc sir dung dé tao nac truc tiép mat thuc thé hoac mét cau hinh:
component-label: entity entity-name[(architecture-name)]

[generic map (generic-association-list)]

[port map (port-association-list)];
component-label: configuration configuration-name

[generic map (generic-association-list)]

[port map (port-association-list)];
Vi du: mo ta cua b cong toan phan 1bit phan cap ding tao nac tryc tiép. Cha y, trong truong hop nay c6 thé
khéng hozc can thiét khai bao cau hinh, béi vi cac nac thanh phan (component instantiations) tao nic truc
tiép cac cap thuc thé-kién trdc hodc cac cau hinh thich hop. Ciing nhu vay, c6 thé hoac khdng can thiét khai
bao thanh phan.

entity FULL_ADDER is

port(A,B,CIN: in BIT; SUM,COUT: out BIT):
end FULL_ADDER;
architecture FA_ WITH_HA of FULL_ADDER is
signal S1,C1,C2: BIT;
begin
HA1:entity WORK.HA(HA_STR) port map (A,B,S1,C1);
HA2: entity WORK.HA(HA_STR) port map (S1,CIN,

SUM,C2);
Ol:configuration WORK.OR2CON port map (C1,C2,
COuUT);
end FA_WITH_HA,
entity HA is
port(DO,D1: in BIT; S,C: out BIT);
end HA;
library ECL;
architecture HA_STR of HA is
begin

X1:entity WORK.XOR2(XOR2) port map (D0,D1,S);
Al: configuration ECL.AND2CON port map (D0,D1,C);
end HA STR;



Vi du: bo cong toan phan vai kién tric (architecture) FA_STR, ¢4 mo ta trong phan 7.3. Chl y, trong truong
hop nay khong can dic ta cau hinh va khai bao thanh phan, bang cach d6 lam cho viéc mé ta rat ¢d dong.
library HS_L1B,CMOS_LIB:

entity FULL_ADDER is

Vi du:

port(A,B,CIN: in BIT; SUM,COUT: out BIT);

end FULL_ADDER,;
architecture FA_STR of FULL_ADDER is

begin

signal S1,52,S3,54,S5: BIT,;

X1:entity WORK.XOR2(XOR2BEH) port map (A,B,S1);
X2:entity WORK.XOR2(XOR2BEH) port map(S1,CIN, SUM);
Al:entity WORK.A_GATE(A_GATE_BODY) port map(
S2,AB);
A2: entity WORK.A_GATE(A_GATE_BODY) port map(
S1,CIN,SUM,C2);

A3: entity HS_LIB.AND2HS(AND2STR) port map(

S4,A,CIN);
O1: entity CMOS_LIB.OR2CMOS(OR2STR) port map (

$4,S5,COUT);

end FA STR;

C6 thé lam tré cac mbi lién két cua cac cong va cac generic va cac generic dan xuat (override prespecified
generics) dung ky thuat lién két gia tang (incremental binding mechnism). Cac mdi lién két (bindings) hién
dién trong mot dac ta cau hinh tuong (ng véi cac méi lién két chinh (primary bindings). Tuy nhién, nd c6 thé
khéng chira théng tin lién két hoan chinh. Thiéu théng tin c6 thé Ia:

- Céc cong va cac generic khong két hop

- Céc cong va cac generic mo

entity FULL_ADDER is

port(A,B,CIN: in BIT; SUM,COUT: out BIT);

end FULL_ADDER,;
architecture FA_STR_INCR of FULL_ADDER is

component XOR2

port(D1,D2:in BIT; DZ:out BIT);
end component;
component AND?2

port(Z:out BIT; A0,Al:in BIT);
end component;
component OR2

port(N1,N2:in BIT; Z:out BIT);
end component;
for X1,X2:X0OR2

use entity WORK.MY_XOR?2; - dic ta &nh xa generic va -

anh xa cong. Boi vi tén kién tric khdng duoc - chi dinh, méc dinh 13 kién
trdc phén tich mai nhat

for others:AND2
use entity WORK.MY_AND2(ARCH_BODY);
port map (HS_B => Al, HS_A => open);
- cong HS_Z khong duoc két hop va cong HS_A mo
for all:OR2
use entity WORK.MY_OR?2
generic map (TPHL =>2ns, TPLH => 3 ns);



- cAc gia tri generic s& dugc dan xuat sau bang dac ta trong khai bao cau
hinh.
begin

end FA_STR_INCR:
entity MY_XOR?2 is
generic(TPHL, TPLH:TIME);
port(XA,XB: in BIT; XZ: out BIT);
end MY XOR2:
entity MY_AND?2 is
port(HS_A,HS_B: in BIT; HS_Z: out BIT):
end MY_AND2:

entity MY_OR2 is

generic(TPHL, TPLH:TIME);
port(N1,N2: in BIT; Z: out BIT);

end MY_OR2;

Trong cac mdi lién két (binding) cho thanh phan XOR2, thiéu anh xa cng va generic. Trong cac lién
két (binding) thanh phan AND2, cong HS_Z khéng duoc két hop, va trong cac lién két (binding) cho thanh
phan OR2, céc gié tri generic dugc chi dinh. Tuy nhién c4c gia tri generic d4 dac ta trong khai béo cau hinh
c6 thé dan xuat tir cac gia tri generic da chi dinh trong dac ta ciu hinh. Nhirng théng tin phu va thiéu c6 thé
dugc cung cap sau trong khai bao cau hinh, c6 thé ton tai trong cac tap tin khac nhau. Vi du khai bao cu hinh
thiéu théng tin:

configuration FA_INCREMENTAL of FULL_ADDER is

for FA_STR_INCR
- cAu hinh thanh phan dau tién:
for X1,X2:XOR2
port map (A0,Al,Z)
generic map(TPHL => 2 ns, TPLH =>5 ns);
end for
- cAu hinh thanh phan thi hai:
for all: AND2
port map (HS_A=> ‘1" HS _Z => 7)
end for
- cAu hinh thanh phan thir ba:
for all:OR2
generic map(TPHL =>4 ns, TPLH =>6 ns);
end for;
end for;
end FA_INCREMENTAL,;



Chwong 8 :  CAC CHUONG TRINH CON
VA QUA TRINH TRAN

Chuong nay mé ta 2 dang chuong trinh con Ia : thu tuc ( procedure ) va ham
( function ) . Mot ham c6 thé str dung cho biéu thirc , mot thii tuc c6 thé dung cho cac phat biéu tuan ty va
dong thoi . Néu ton tai nhiéu chuong trinh con cung tén thi qua trinh do goi la tran (overloading) . Chuong
nay hién thuc khai niém overloading va giai quyét van dé nay sau cho tét nhat .

8.1 CHUONG TRINH CON (subprogram ) :

Mot subprogram dinh nghia 1 thuat toan tuan ty , thuc thi chinh xac 1 bai toan . C6 2 dang subprogram :
1. Function : thdng thuong st dung viéc tinh toan gié tri don gian , function dugc thuc hién trong thoi
gian mo phong la zero .
2. Procedure : sir dung cho viéc phan manh md ta hanh vi 16n . Procedure ¢ thé tra & zero hoic nhiéu
gia tri . Mot procedure c6 thé c6 hoac khong thuc hign thoi gian mé phong zero , phy thugc vao né
c6 phét biéu wait hay khong .

Mot subprogram duoc dinh nghia Ia subprogram body . Dang 1 subprogram body la :
subprogram_specification is
subprogram_item_declarations
begin
subprogram_statements -- Same as sequetial_statements.
end [ function | procedure ] [ subprogram_name J;

Subprogram_specification : xac dinh tén cta 1 chuong trinh con va dinh nghia giao dién cua n6 , do la
dinh nghia tén cac tham s6 hinh thic ( formal parameter ) , 16p ciia ching ( signal ,variable , file hoic
constant ), loai va kiéu caa chdng (in , out ,inout). CAc tham sé cua dang in la chi doc cac tham s , ching
khéng duoc cap nhat trong than chuong trinh con . Cac tham sé ciia dang out chi dugc viét cac tham sb , gia
tri ciia ching khéng duoc st dung nhung cé thé dwoc cap nhat trong than chuong trinh con . Céc tham s6
inout c6 thé doc dugc ciing nhu cap nhat dugc . Cac file khdng cd kiéu , chiing c6 thé dugc doc hoic viét tuy
thugc vao file c6 dang mo hay khong .

Céc tham s thyc (actual) trong chuong trinhcon goi ( subprogram call ) Ia sir dung céc gia tri da c6 dén
va tir 1 chuong trinh con. Chi c6 tin hiéu sb thuc c6 thé lién két véi tham sb hinh thire caa I6p tin hiéu. Chi
bién s6 thuc c6 thé lién két vai tham sé cua 1p bién . Chi c6 file mai 1a sé thuc cho tham sé cua file . mot
biéu thirc 6 thé str dung gié tri ¢& c6 cho tham sé cua I6p constant.

Khi cac tham sé 1a cua Iop bién hodc hang sb thi déu qua chuong trinh con bang gié tri . Cac day ¢ thé
hoac khong thé qua sy tham khao . Cac file phai qua sw tham khao . Déi vai céc tin hiéu , sy tham khao dén
tin hiéu , su diéu khién hoac ca hai déu qua chuong trinh con . Diéu d6 y ndi rang 1 _phép gan tr tin hiéu trong
procedure ( c4c tin hiéu khdng thé gan cac gia tri trong function , bai vi cac tham sé bi giéi han ciia mode in )



, anh huong sy diéu khién tin hiéu sé thuc 1 cach tic thoi va doc lap hodc khong doc lap voi diém cudi cua
procedure . Di véi cac tin hiéu cua 1 mode , khéng c6 dang thugc tinh gia tri tin hiéu * STABLE’ , ‘QUIET’
, ‘DELAYED’ hoic “TRANSACTION * ( thugc tinh dugc ban luan trong chuong 10 ) , ¢6 thé st dung trong
than chuong trinh con .

Kiéu cua sb thuc trong chuong trinh con goi phai tuong tng véi tham s hinh thirc . Néu tham sb hinh
thirc thugce vé kiéu khbéng rang budc , kich thudc cua cac tham so6 ndy duoc gidi han tir s6 thuc duoc dua vao .

Subprogram_item_declarations : bao gém 1 tap hop céac khai bao ( khai bao kiéu va ddi tuong ) c6 thé
thu duoc trong chuong trinh con . Cac khai bao dugc dua vao anh huong dén toan bo thoi gian chuong trinh
con duoc goi . Bién duoc khoi tao va ton tai trong sudt thoi gian chuong trinh con dugc goi , N6 giong nhu
bién trong phat biéu process , chi dugc dwa vao 1 lan khi bat dau mé phong va ton tai cho téi khi qua trinh mo
phong dugc hoan thanh .

Subprogram_statements : bao gom cac phat bicu tuan ty thyc hién tinh toan bang chwong trinh con .
Phat biéu tra vé (return )la phat biéu dac biét dugc cho phép chi trong chuwong trinh con . Dang cta nd la :

Return [ expression ]

Phat biéu return duoc tao ra ¢ cudi chuong trinh con va tra gié tri vé cho chuong trinh goi . Tat ca cac
function déu c6 phat biéu return cling véi 1 biéu thic , gid tri cua biéu thirc trong khai béo return la tra vé cho
chuong trinh goi . DBi véi cac procedure , ddi tuong caa mode out va inout , cac gid tri ciia chdng duoc tra vé
cho chuong trinh goi .

Subprogram_name xuit hién & cudi than chuong trinh con , néu ton tai thi phai tring véi tén cia
function hoac procedure ma no xac dinh .

8.1.1 Céc ham ( function);

Céc ham ding mé ta cAc thuat todn tuan tu tra vé 1 gia tri . Gia tri nay tra vé cho chuong trinh goi bang
phat biéu return , dwoc sir dung cho cac ham xac dinh va cac ham cé kiéu chuyén bién . Sau day 1a vi du 1
than ham :

function LARGEST ( TOTAL_NO : INTEGER ; SET : PATTERN )
return REAL is
--PATTERN is elsewhere defined to be a type of 1-D array of
-- non_negative floating point value .
variable PATTERN_VALUE : REAL :=0;
begin
for K in SET’range loop
if SET(K)>RETURN_VALUE then
RETURN_VALUE := SET (K);
end if;
end loop;
return RETURN_VALUE;
end LARGEST;
Bién RETURN_VALUE duoc dua vao gia tri dau la 0.0 trong thoi gian ham duoc goi . N6 khdng con ton
tai sau diém cudi cua ham .
CU phép chung cua chuong trinh con xac dinh cho  than ham Ia :

[ pure|impure ] function function_name ( parameter_list)
return return_type



Mot ham nguyén méu (Pure function) 1a gié tri tra vé twong Gmg mdi thoi gian ma ham goi dén tap hop s6
thuc twong ng . Impure function 1a sy tra vé gia tri khac véi moi thoi gian ma no6 goi dén tap hop so thuc
twong tng .

Vi du NOW la 1 impure function bai vi n6 tra vé gia tri khac voi khi goi tai thoi diém khac . Néu khong
co tir khda pure hay impure thi ham d6 mac nhién dugc xem la pure function .

Parameter_list md ta danh sach cua cac tham sb hinh thirc cho function . Mode cua cac tham sb nay chi
cho phép 1a mode in , ngoai ra chi c6 d6i tugng constant va tin hiéu moi cho vao cac tham sé , 16p ddi tuong
mac nhién 1a constant. Vi du trong function LARGEST , TOTAL_NO Ia constant va gia tri caa n6 khong thé
thay d6i trong than function .

Mot vi du khac cua than function , xem phan sau . Function nay tra vé 1a true néu xuét hién canh Ién trén
tin hiéu input . Function nay la 1 pure function :

pure function VRISE ( signal CLOCK_NAME : BIT ) return BOOLEAN is
begin

return CLOCK_NAME =’1" and CLOCK_NAME * event ;
end VRISE ;

Sau day la 2 vi du vé impure function :

impure function RANDOM (SEED :REAL) return REAL is

variable NUM : REAL;

attribute FOREIGN of RANDOM : function is ‘NUM = rand (seed)’;
begin

return NUM;
end RANDOM;

impure function USE (TO_ALLOCATE : POSITIVE) return POSITIVE is
--ALLOCATE is a shared variable declared elsewhere , but
--visible to this function .

begin
ALLOCATE := ALLOCATE + TO_ALLOCATE;
Return ALLOCATE ;

end function USE; -- keywork function after end is optional.
Function goi la 1 biéu thirc va c6 thé sir dung trong biéu thic I6n . Vi du :

SUM := SUM+ LARGEST (MAX_COINS, COLLECTION );
Function goi c6 dang la :
Function _name ( list_of_actuals)
Cac sb thuc co thé xacdinh boi vi tri (6 thuc dau tién twong (ng véi s6 hinh thirc dau tién , s6 thyc thir
hai tuong rng véi 6 hinh thirc thir hai va ctr thé tiép tuc ) hoic xac dinh bang lién két ( sy lién két ciia cac s6
thuc va sé hinh thire xéc dinh 1 cach rd rang ). Function goi trong vi du trudc , viét lai theo dang lién két :

LARGEST ( SET => COLLECTION, TOTAL_NO => MAX_COINS) o )
Cac ham thong thuong cho viéc bien doi kieu . sau day la 1 vi du cua ham bien doi 1 gia tri tu kicu
STD_ULOGIC téi gia tri kieu CHARACTER :

function TO_CHARACTER (ARG : STD_ULOGIC)
return CHARACTER is



begin

case ARG is
when ‘U’ =>return ‘U’;
when ‘X’ =>return ‘X’;
when ‘0’ =>return ‘07;
when ‘1’ =>return ‘17;
when ‘Z” =>return ‘Z’;
when ‘W’ => return ‘W’;
when ‘L’ =>return ‘L’;
when ‘H’ =>return ‘H’;
when “-* =>return *-’;

end case;

end TO_CHARACTER ;

Function goi c6 dang :
TO_CHARACTER ( STD_ULOGIC(‘U%))
Ham tra vé ky tit ‘U’ . Ngoai ra n con c6 kha niang bién doi kiéu nhiéu hon , sir dung boi bang
look_up . Sau day la ham TO_CHARACTER md ta bang look_up .
type LOOK_UP is array (STD_ULOGIC) of CHARACTER:
constant TO_CHARACTER : LOOK_UP := (‘U => *U’, ‘X’ =>"X",
V=17 =W EWL = L H S Y,
Sau day la biéu thuc :
TO_CHARACTER (STD_ULOGIC (‘U%))
Cho ra ky ty ‘U’ . Chl y trong ca 2 hé thong cach goi cho viéc thuc hién bién doi kiéu 1a khong doi.

8.1.2 CAéc thi tuc ( procedure ):

Céc procedure cho phép phan chia hanh vi 16n vao nhiéu modul . Khac vai function , trong procedure c6
thé tra ve gia tri zero hoac nhiéu hon 1 gia tri , st dung cic tham s6 cia mode out va inout . Cu phép cua
chuong trinh con cho thén 1 procedure la :

procedure procedure_name ( parameter_list)

Parameter_list x4c dinh danh sach ciia cac tham s hinh thirc cho procedure . Céc tham s6 ¢6 thé la cac
constant , cac bién , hoic céc tin hiéu va mode ctia chiing ¢6 thé Ia in , out , hodc inout . Néu 16p cua cac tham
s6 khong xac dinh rd rang thi mac nhién nd Ia constant , néu nd 1a mode in , con né 1a bién néu mode cua
tham s d6 1a out hoic inout .

Mot vi du than procedure mé ta hanh vi cua thuat todn logic :
type OP_CODE is ( ADD,SUB,MUL,DIV,LT,LE,EQ);

procedure ARITH_UNIT (A,B:in INTEGER ; OP :in OP_CODE ;
Z:out INTEGER ; ZCOMP : out BOOLEAN ) is
begin
case OP is
when ADD => Z := A+B;
when SUB =>Z = A-B;
when MUL => Z := A*B;
when DIV => Z := A/B;
when LT => ZCOMP = A<B;
when LE => ZCOMP = A<=B;
when EQ => ZCOMP := A=B;
end case ;



end ARITH_UNIT,;

Ta xem 1 vi du khac cua thdn 1 procedure , procedure nay xoay quanh viéc xac dinh tin hi¢u vector
ARRAY_NAME , bit dau tir bit START_BIT t6i bit STOP_BIT , bang gia tri ROTATE_BY . Lép dbi tuong
cho tham s6 ARRAY_NAME la xac dinh 1 céch rd rang . Bién FILL_VALUE ban dau tu dong duoc gan la
‘0’ cho procedure dugc goi .

Procedure ROTATE_LEFT
(signal ARRAY_NAME : inout BIT_VECTOR,;
START_BIT,STOP_BIT : in NATUAL,;
ROTATE_BY :in POSITIVE) is
Variable FILL_VALUE : BIT; --every time the procedure is called,
-- initial value is BIT’LEFT, which is ‘0’.
begin
assert STOP_BIT > START_BIT
report “STOP_BIT is not greater than START_BIT”
severity NOTE;
for MACVAR3 in 1to ROTATE_BY loop
FILL_VALUE := ARRAY_NAME (STOP_BIT);
for MACVARL1 in STOP_BIT downto (START_BIT+1) loop
ARRAY_NAME (MACVARL) <=
ARRAY_NAME (MACVARL1 -1);

end loop;
ARRAY_NAME (START_BIT) <=FILL_VALUE;
end loop;
end procedure ROTATE_LEFT; -- keyword procedure after end is

-- octional.

Céc procedure dugc yéu cau boi procedure goi . Procedure goi ¢d thé cd mdi phét biéu tuan ty hoic
dong thoi , diéu co ban d6 la phat biéu s6 thuc cua procedure goi la hién tai. Néu goi bén trong phét biéu
process hoic chuong trinh con khéc thi nd 1a phat biéu procedure goi tuan tu , néu khong thi n6 la phét biéu
procedure goi dong thoi . Ca phép cua phét biéu procedure goi la :

[ label : ] procedure_name ( list_of_actual );

Céc s6 thuc dugc xac dinh 1a biéu thirc , cac bién , cac tin hiéu hoic cac file , cac s thuc d6 duoc dua
vao trong procedure va cac tén cua cac doi tugng d6 duogc goi dén procedure xu ly . cac so thuc co thé xac
dinh su lién két vi tri hoac lién két tén . Vidu :

ARITH_UNIT (D1,D2,ADD,SUM,COMP ); -- positional association.
ARITH_UNIT (Z=>SUM, B=> D2, A=>D1,
OP=>ADD,ZCOMP => COMP); --named association.

Mot phét biéu chuong trinh con goi tuan ty Ia thyc thi 1 cach tuan tu lién quan dén cac phat biéu tuan ty
chung quanh né . Mot phét biéu chuong trinh con goi ddng thoi 1a thyc thi bat ctr luc nao khi c6 1 sy kién xay
ra trén cac tham sé 1a tin hiéu mode in hozc inout . Chuong trinh con goi dong thoi tuong duong 1 qué trinh
xir ly vai 1 chuong trinh con goi tuan tu va 1 phat biéu wait , cho cho dén khi c6 1 su kién trén cac tham s6
tin hiéu cha mode in hoic inout .

Sau day la 1 vi du caa chuong trinh con goi dong thoi va phat biéu process tuong dwong véi no :

archtecture DUMMY_ARCH of DUMMY is



--following is a procedure body :
procedure INT_2_VEC (signal D :out BIT_VECTOR ;
START_BIT,STOP_BIT : in NATUAL ;
signal VALUE : in INTEGER ) is
begin
procedure behavior here.
end INT_2_VEC;
begin
--this is an examble of a concurrent procedure call:
INT_2_VEC (D_ARRAY,START,STOP,SIGNAL_VALUE);
end DUMMY_ARCH,;

--the equivalent process statement for the concurrent procedure call is:
process
begin
INT_2_VEC (D_ARRAY,START,STOP,SIGNAL_VALUE),
--this is now a sequential procedure call .
wait on SIGNAL_VALUE;
--since SIGNAL_VALUE is an input signal.
end process;

Mot procedure c6 thé sir dung nhu la 1 phat bicu dong thoi hogc phat biéu tuan ty . Chuong trinh con goi
dong thoi thuong xuyén dung céc process .

postponend procedure INT_2_VEC (signal D:out BIT_VECTOR ;
START_BIT,STOP_BIT : in NATUAL,;
Signal VALUE :in INTEGER) is

begin
--procedure behavior here .

end INT_2_VEC;

~Ngir nghia cta 1 chuong trinh con goi d6ng thoi ding postponed 1a twong dwong véi ngir nghia cia phat
biu process tuong tng véi nd , duoc goi la 1 portponed process .

Than 1 process c6 thé c6 phét biéu wait , trong khi 1 function thi khong c6 . Cac function sir dung viéc
tinh toan cac gia tri 1 cach tuc thi . Do d6 function khdng can phat biéu wait trong d6 . Mot process goi 1
procedure véi phat biéu phat biéu khong cé danh sach cam nhan .

Vi procedure c6 thé c6 phét biéu wait , cho nén céc bién va cac hang duoc mo ta trong procedure van
gitr gi& tri ctia nd qua tho82I gian wait va ton tai lién tuc dén khi procedure két thuc .

8.1.3 Su khai béo :

Than chuong trinh con cé thé xuat hién trong phan khai bao ciia khéi goi thyuc hién . Biéu d6 khong thich
hop néu chuong trinh con dugc phan chia nhiéu thyc thé . Trong truong hop nhu vay , than chuong trinh con
c6 thé duoc mé ta 1 vi tri trong than 1 goi, va khi dy trong khai bao goi xac dinh khai bao chwong trinh con
turong tng . Néu khai b4o nay dugc dua vao don vi thiét ké khac sir dung ménh dé use , thi chuong trinh con
c6 thé str dung dugc trong don vi thiét ké nay . Mot khai béo chwong trinh con mé ta tén chuong trinh con va
danh séch ciia cac tham s6 khdng c6 md ta hanh vi bén trong chuong trinh con , ma chi md ta giao tiép bén
ngoai vai chuong trinh con d6 . Cu phép cua khai b4o nay la :

Subprogram_specification;



Sau day 1a 4 vi du khai bao procedure va function :

procedure ARITH_UNIT (A,B:in INTEGER ; OP :in OP_CODE ;
Z:out INTEGER ; ZCOMP : out BOOLEAN ) ;
pure function VRISE ( signal CLOCK_NAME :BIT) return BOOLEAN,;
impure function RANDOM (SEED :REAL) return REAL ;
function LARGEST (TOTAL_NO: INTEGER; SET:PATTERN)
return REAL ; -- this is a pure function.

Mot truong hop khac cac khai bao chuong trinh con can su cho phép cac chuong trinh con goi nhau
lién tiép . vi du :

procedure P(...) ...
variable A : ...
begin

A = Q(B) ; -- illegal function call .
end P

function Q(...) ...
begin

P()
end Q

Viéc goi function Q trong procedure P la khong hop Iy , vi Q chua dugc khai bao , diéu nay c6 thé stra
lai bang céach viét khai bao function cho Q trudc procedure B .

8.2 LUQNG QUA TAI CHUONG TRINH CON (subprogram) :

D6i khi nd c6 hai hodc nhiéu hon cac chuong trinh con c6 cing tén , diéu d¢6 hop phép . Trong truong
hop nhu vay , tén chuong trinh con goi la overloaded , khi d6 cac chuong trinh con tuwong tng ciing duoc goi
la overloaded . Vi du c6 2 khai bao sau :

function COUNT ( ORANGES :INTEGER) return INTEGER ;
function COUNT ( APPLES : BIT ) return INTEGER,;

Ca 2 function la overloaded khi ching c6 tén trung nhau la COUNT . Khi goi 1 function thuc thi, n6 c6
thé nhan dang chinh xé&c function can thuc thi nho kiéu caa cac sé thuc dua vao , bai vi chiing ¢ kiéu cac
tham s6 khéc nhau . Vi du goi:

COUNT (20)
N6 dugc chuyén dén function thir nhét , tai vi 20 1a kiéu INTEGER , trong khi function call :
COUNT (‘17)
N6 dugc chuyén dén function thi hai vi kiéu sé thuc 12 BIT .
Néu 2 chuong trinh con overloaded c6 cac kiéu tham sb va cac kiéu két qua giéng nhau , thi chuong
trinh con ¢6 thé bi che bai chuong trinh con khac . Biéu nay c6 thé xay ra ngau nhién , néu chuong trinh con
duoc khai b&o bén trong pham vi cua chuong trinh con khac . Sau day 1a vi du :

architecture HIDING of DUMMY _ENTITY is
function ADD (A,B:BIT_VECTOR) return BIT_VECTOR is
begin



--body of function here .
end ADD;
begin
SUM_IN_ARCH <= ADD(N1,N2);
process
function ADD(C,D:BIT_VECTOR) return BIT_VECTOR is
begin
--body of function here.
end ADD;
begin
SUM_IN_PROCESS <= ADD(IN1,IN2);
SUM_IN_ARCH <= HIDING_ADD .ADD(IN1,IN2);
end process;
end HIDING;

Ham ADD dugc khai bao bén trong than architecture bi che bai process , vi function ADD thir hai dugc
khai bao bén trong phan khai b4o ciia process . Function nay c6 thé nam im & duong vao béi bi han ché tén
function véi tén architecture , ta hdy xem phat biéu thir hai trong process .

C6 thé cho 2 chuong trinh con overloaded dua vao tryc tiép bén trong 1 ving , sir dung bang ménh dé
use . Trong trudng hop nay , néu nd khong thé dinh rd chuong trinh con overloaded nao bi goi, chuong trinh
con goi ¢6 thé khong rd rang , va vi thé bi 16i. Xem vi du sau

package P1 is

function ADD (A,B:BIT_VECTOR) return BIT_VECTOR;
end P1;
package P2 is

function ADD (X,Y:BIT_VECTOR) return BIT_VECTOR;
end P2;

use WORK.P1.all, WORK.P2.all;
architecture OVERLOADED of DUMMY_ENTITY is
begin
SUM_CORRECT <= ADD (X=>IN1,Y =>IN2);
SUM_ERROR <= ADD (IN1,IN2);
end OVERLOADED,;

Function goi trong phat biéu thir nhét 1a khdng bi I3i , tir d6 n6 chi dén function khai bao trong géi P2 (
cac tham s hinh thie dugc xac dinh rd rang trong méi lién két ) . trong khi d6 phat biéu gan tin higu thir hai
khéng rd rang va vi thé bi 13i .

Hai chuong trinh con overloaded c6 thé c6 s6 cac tham sé khac nhau , nhung c6 céc kiéu tham sb va
cac kiéu két qua gidng nhau . Trong truong hop ndy , sb cac s6 thuc dap eng trong chuong trinh con goi s&
nhan dang chuong trinh con tuong Gng .

Sau day la vi du cua tap hop cac sé nguyén 2,4,8 :

Function SMALLEST (A1,A2 :INTEGER) return INTEGER ;
Function SMALLEST (A1,A2,A3,A4 (INTEGER) return INTEGER ;
Function SMALLEST (A1,A2,A3,A4,A5,A6,A7,A8 INTEGER)
return INTEGER ;

Function goi la
... SMALLEST (4,5)...



S& chi dén function thir nhét , trong khi function goi :
... SMALLEST (20,45,52,1,89,67,91,22)...
S& chi dén function thir ba . Sy linh dong nay gitp cho viéc viét code dugc dé dang giai mé , tir d6 tén
cac chuong trinh con gidng nhau c6 thé dwgc dap wng khac nhau khi sir dung tap hop céc input khac nhau .

Goi dén 1 chuong trinh con overloaded 1a khdng rd rang va xuat hién I3i , néu n6 khéng thé nhan dang
chinh xac chuong trinh con bi goi , stir dung cac thong tin sau :
Tén chuong trinh con (Subprogram name) .
S6 céc sb thyc (Number of actuals).
Kiéu va thir tw cua céc s6 thuc (Type and order of actuals).
Céc tén va tham s6 hinh thirc (néu str dung su lién két tén).
Kiéu két qua ( result type ).

okrwdE

Chl y rang overloaded khong thé phan biét dugc cac kiéu con . Sau day la vi dy :
type LOGICS is (X’,°07,"1",’D","Z"):;
subtype LOGIC5_01 is LOGIC5 range ‘0’ to ‘1 ;

function RISING_EDGE ( signal CLOCK : LOGIC5) return BOOLEAN,;
function RISING_EDGE ( signal CLOCK : LOGIC5_01) return BOOLEAN;

Khai bao function thir hai bi che bai function thir nhét , vi ca hai ¢6 céc kiéu co ban cuia tham s giong
nhau va céc kiéu tra vé ciing giong nhau . nhu vay khi goi :
signal CK : LOGIC5_01;

... RISING_EDGE (CK)...
s& bj 13i .

8.3 PIEU KHIEN OVERLOADING :

Toan tir overloading Ia mot trong nhitng nét dac biét ciia ngdn ngir . Khi 1 ky hiéu toan tir chuan ¢ tac
dung sai 1&n kiéu cua cac toan hang cua né , toan tir dugc dién dat 1a overloaded . Diéu rat can thiét cho toan
hang overloading xuat hién tir sy kién dugc toan tir dinh nghia truéc, trong ngén ngit , dinh nghia cac kiéu
cho céc toan hang . Vi du tac dung cia and dinh nghia cho cac argument cua kiéu BIT va BOOLEAN , va
kich thuéc cua chang 1a ddy 1 phan tir . Néu argument thugc kiéu MVL ( MVL la kiéu liét ké voi cac gia tri
‘U’,’0°,’1°,°2"). Trong truong hop nay , n6 c6 thé 1am tiang tac dung ciia and nhu 1 function tac dung 1én cac
argument cua kiéu MVL . Toan tir and khi d6 duoc dién dat cho overloaded . Toan tir trong biéu thuc :

S1and S2

S1vaS2 lakicu MVL, chi dén tac dung cia and duoc dinh nghia bang kicu viét nhu 1 function . Toéan
tir trong biéu thuc :

CLK1 and CLK2

CLK1 va CLK2 la kiéu BIT , chi dén toan tir and dinh nghia truéc .

Cac than function duoc viét lai dé dinh nghia hanh vi cia cac toan tir overloaded . Sb lwong cac tham sb
trong 1 function phai bang vai s6 lvong ding véi toan tir . Function ¢6 nhiéu nhat 1a 2 tham sé , tham s6 thir
nhat bén trai I toan hang cua toan tir , va tham so thir hai , néu ton tai thi nd 1a toan hang thir hai .Sau day la
cac vi du cua khai bao function cho than function .

type MVL is (‘U’,’0°,’1°,°Z’);
function “and” (L,R:MVL) return MVL,;



function “or” (L,R:MVL) return MVL,;
function “not” (R:MVL) return MVL,;

Céc toan tr and , or va not la cac ky hiéu toan tir dugc dinh nghia trugc , tén function caa toan ti
overloaded dugc dat trong hai dau ngogc kép . D€ khai bao function overloaded , cac toan tir co the goi sur
dung 1 trong 2 hai kiéu khac nhau cua céc ky hiéu :

1. Ky hiéu toan tir chuan .
2. Ky hiéu function goi chuan .

Pay 1a 1 s6 vi du cua 2 kiéu ky hiéu co ban xuat hién trén cac khai béo function toan tir overloaded :

signal A,B,C : MVL;
signal X,Y,Z : BIT ;

A<=‘Z"0OR ‘1" ; -- #1 : standard operator notation.
B<=‘or’ (‘0’2" -- #2 : function call notation.
X<=notVY; --#3:

Z<=XandY; --#4 :
C<=(AorB)and(notC); --#5:

Z<=(XandY)orA, - #6:

Toan tir or trong phat biéu dau tién chi dén toan tir overloaded bai vi kiéu cia toan tir bén trai 1a MVL .
Pay 1a ky hiéu toan tir chuan , do d6 ky hiéu toan tir overloaded xuat hién nhu ky hiéu toan tir chuan . Mot vi
du cua ky hiéu function goi xem trong phat biéu thi hai , véi function overloaded or dugc goi mot cach rd
rang . C4c toan tir trong phat biéu thir ba va tu chi dén cac toan tir khai bao trudc vi cac toan hang la kiéu
BIT . Phét biéu thir sau s& bi 16i , toan tir or khéng phai 1a overloaded , n6 duoc dinh nghia véi tham s thir
nhit kiéu BIT va tham s6 tha hai Ia kiéu MVL.

Vi du cudi cing la diém can quan tdm . Trong céac function toan tir overloaded , n6 khéng can hai toan
hang c6 cung kiéu . Trong truong hop trude , néu function overloaded or c6 khai béo khac la :

Fynction “or” (L:BIT; R:MVL) return BIT ;
Thi phat biéu thir sau s& khong bi 16i .

Truong hop nay chu yéu thuong str dung cho cac vector, do né cung cap kha nang thyc thi tinh toan
trén cac vector . Sy tinh toan trén cac vector khong dugc dinh nghia trusc trong ngon ngix . Cac function
overloaded can phai dinh nghia lai . Sau day 1a 1 s6 vi du cua khai bao toan tir overloaded :

function “+” (OPD1,0PD2 : BIT_VECTOR ) return BIT_VECTOR;
function “-” (OPD1,0PD2 : BIT_VECTOR ) return BIT_VECTOR;

type MVL is (‘U’,’0°,’1°,°Z");
type MVL_VECTOR is array ( NATUAL range <>) of MVL,;

function “+” (OPD1,0PD2 : MVL_VECTOR ) return MVL_VECTOR;
function “-” (OPD1,0PD2 : MVL_VECTOR ) return MVL_VECTOR,;

Cac vi du goi dén céc function overloaded nhu sau :

variable A,B,C,CAB : BIT_VECTOR (3 downto 0);
variable D,E,F,FED : MVL_VECTOR (0to 7);



CAB = A+B-C,;
FED=D-F+E,

Trong phat biéu gan bién dau tién , cac argument cho cac toan tir + va — 1a vector BIT ; do d6 ching
s€ goi thyc thi cac function overloaded “+” va “-“  twong Gng , cho viéc dinh lrong twong tng . Ciing nhu
thé trong phép gan thtr hai , toan tir + va — tac dung trén vector MVL ; do d6 dé dinh luong , chlng sé& goi cac
function toan tir overloaded “+” va “- “ twong ung .

8.4 CAC KY HIEU ( signature):

Trong c4c version truéc caa ngdn ngir , nd khdng thé nhan dang duy nhat 1 chuong trinh con overloaded
hoac bang chur liét ké overloaded . Vi du :

--two enumeration type declaration :
type MYBIT is (‘0°,’1");
type FOUR_VALUE is (‘U’,’0°,’1°,°Z");

--two overloaded operator function declaration:
function “+” (A,B : BIT_VECTOR) return BIT_VECTOR ;
function “-” (A,B : MVL_VECTOR) return MVL_VECTOR ;

Trong cac khai bao kiéu ligt k& . ‘0’ va ‘1’ cac chu liét ké overloaded , trong khi trong 2 khai béo
function ,“+” la 1 function toan tir overloaded . Néu can dinh nghia 1 alias cho function “+” dau tién hozc 1
attribute cho tin hiéu ( Céc alias va céc attribute s& dugc ban luan trong chuong 10 ), né khéng thé nhan ra
duy nhét 1 function “+” trong version truéc cua ngdn ngit . Truong tu nd khdng thé nhan dang ra chir liét ké
‘0’ va ‘1’ , 1 attribute c6 thé lién két vai 1 alias duoc tao cho 1 trong 2 chir d6 .

Céc signature cung cap phuong phap phan biét cic chuong trinh con overloaded va céc chir ligt ké
overloaded . M¢t signature xem nhu Ia cac kiéu tham so va kiéu két qua cua 1 chuong trinh con overloaded
hoac 1 chir liét ké overloaded . Mét signature cé dang :

[ first_parameter_type , second_parameter_type, ...
[ return function_return_type ]]

Cha y phia ngoai diu ngodc vudng ( [] ) la phan cl phép va céac item khéng dugc mo ta . Day la cac
signature khai b&o function overloaded “+” :

[BIT_VECTOR, BIT_VECTOR return BIT_VECTOR ]
[ MVL_VECTOR, MVL_VECTOR return MVL_VECTOR ]

D¢ xac dinh tham s6 va céc kieu két qua cua 1 chir ligt ke , chur ligt ké giai quyét giong nhu 1 function
khong c6 tham so6 , véi tén function giong nhu chur ligt ké va kiéu tra vé cua function la kiéu ligt ké . Vi du
mot function chur liét ké ‘0” duoc khai bdo phan trudc trong kieu MYBIT va FOUR_VALUE la:

function ‘0’ return MYBIT;
function ‘0’ return FOUR_VALUE;

Do d6 céc signature cho méi mot chur liét ké la :

[ return MYBIT ]
[ return FOUR_VALUE ]



Céc signature c6 thé str dung trong khai béo alias , dac biét 1a attribute va tén attribute nhan ra duy nhat
1 chuong trinh con overloaded hoac 1 chir liét ké overloaded . Cac vi du c6 thé xem trong chuong 10.

Chwong 9: Thw vién va cac goi.

Chuong nay giai thich package va kha niang bién soan thiét ké va c6 kha nang thiét ké thu vién. N giai thich
y nghia cua nhirng thdng tin c6 san trong thu vién va tham gia vao mot sé desing unit.

Mot package cung cap mat sy thuan lgi cho van hanh ti théng tin luu trit va c6 thé ding chung nhiéu desing
unit. Mot package c6 thé dac trung boi.

1. Céng bd 1 g6i va kha ning tly chon.

2. Mot gobi chinh

9.1 Packages Declaration:

Mot goi da duoc xac dinh (cong bd) bao gom mat tap hop cua cac declaration ching c6 thé tham gia vao
nhiéu desing unit. Kha niang rd rang cia package d6 la do rd rang ciia nhitng mau tin, ching cd thé thiy su
thanh cdng tir desing unit, dé thiy dwoc né vi du nhu viéc xac dinh duoc ham. Mét géi chinh trong su bat
duoc, bao gdom nhitng chi tiét n cia mot goi dwoc thay. Vi du nhu mét ham chinh.
Cu phép cua gdi dugc xac dinh la:
package package-name is
package-item-declartions --> These may be:
-- subprogram declartions
-- type declartions
-- subtype declartions
-- constant declartions
-- singal declartions
-- variable declartions
-- file declartions
-- alias declartions
-- component declartions
-- attribute declartions



-- attribute specifications
-- disconnection specifications
-- use clauses
end [package] [package-name];
Vi du vé xac dinh ciia mot goi phét biéu sau:
package SYNTH_PACK is
constant LOW2HIGH: TIME:= 20 ns;
type ALU_OP is (ADD, SUB, MUL, DIV, EQL);
attribute PIPELINE: BOOLEAN;
type MVL is (‘U’, ‘O’, ‘1°, *2°);
type MVL_VECTOR is array (NATURAL range <>) of MVL,;
subtype MY_ALU_OP is ALU_OP range ADD to DIV;
component NAND?2
port (A, B: in MVL; C: out MVL);
end component;
end SYNTH_PACK;
Nhirng mau tin dugc xéac dinh trong mét géi duoc xac dinh ¢é thé 1a sy nhan duoc bai nhirng phan thiét ké
khac (units desing) bai sir dung thu vién (library) va sir dung ménh d¢, théng thuong xac dinh tap hop nay cé
thé ké ca ham va (function) thu tuc (procedure) va hang sé. Trong trudng hop nay viéc chay cac chuong trinh
con Vva cAc gié tri cua cac hang sb duoc xac dinh tach biét trong desing unit con duoc goi la package body. Tir
d6 cung cap vi du vé goi khong bao gém céac chuong trinh con hoic cac dinh nghia xac dinh bang, mét thanh
phan chinh ctia géi khong doi hoi phai nhu vay.
Xem xét viéc xac dinh goi sau day.
use WORK.SYNTH_PACK all
package PROGRAM_PACK is
constant PROP_DELAY: TIME; -- A deferred constant.
function “and” (L, R: MVL) return MVL,;
procedure LOAD (singal ARRAY_NAME: inout MVL_VECTOR;
START_BIT, STOP_BIT, INT_VALUE: in INTEGER);
end package PROGRAM_PACK; -- The keyword package after end
- is
optional.
Trong trudng hop nay thanh phan chinh caa goi 1a diéu kién can thiét bai vi xac dinh goi bao gom kha nang
chinh nhan dugc mot hang va hai chuong trinh con.

9.2 Package Body (thanh phan chinh gdi):

Mot thanh phan chinh cua goi chu yéu gom viéc chay chuong trinh con va gia tri chap nhan cia hang trong
mot thanh phan cua goi. Do vay né cé thé bao gom cac thanh phan khéc nira. Cu phéap caa phan chinh goi
duoc trinh bay nhu sau:
package body package-name is
package-body-item-declartions --> These are:
-- subprogram bodies
-- complete constant declartions
-- subprogram declartions
-- type and subtype declartions
-- file and alias declartions
-- use clauses
end [package body] [package-name];
Tén cua goi dugc phép giéng tén cua package declartion. Mot phan chinh goi khong can thiét néu no lién két
(két hop) package declartion khi khéng cé cac chuong trinh con va hang. Su két hgp phan chinh géi dé thay
thé cho package declartion. PROGRAM_PACK dugc miéu ta cung cap trong doan sau la:
package body PROGRAM_PACK is



use WORK.TABLES.all;
constant PROP_DELAY: TIME:= 15ns;
function “and” (L, R: MVL) return MVL is

bigin
return TABLE_AND (L, R);
--TABLE_AND is a 2-Dc defined in another package,
--TABLE.

end "and”;

procedure LOAD (singal ARRAY_NAME: inout MVL_VECTOR,;
START_BIT, STOP_BIT, INT_VALUE: in INTEGER) is
--Local declartions here.
Bigin
--Procedure behavior here.
end LOAD;
end PROGRAM_PACK;
MGt mau tin dugc ¢ bén trong mét phan chinh cia géi, né ¢d nhiing han ché vai thanh phan chinh va ciing
khéng thé nhan thiy dugc trong nhirng desing unit khac. Sw han ché né ngan can cac mau tin trong céac goi,
khi may c6 thé nhan dugc bai desing unit khéc. Do vay mét thanh chinh caa géi 1a sir dung téi thong tin mat
c6 sin, ching s& khdng thé nhan thay dugc, khi 1 géi sir dung thong tin vé thng tin toan cuc, vai sy thiét ké
khéc c6 thé nhan duoc. Day la sy md phong dén mot thuc thé vai mét phan chinh cua kién tric khi ma khong
thé nhan thiy n6 dugc hoat dong, khi ma mau tin duoc xac dinh trong thuc thé dugc xét ¢ thé nhan thiy nd
dugc trong cac phan thiét ké khac. Mot cai su khéac biét giita xac dinh mot goi va xéc dinh thuc thé. D6 1a mot
thyuc thé c6 thé tong hop cua cac kién tric véi cac tén khac nhau, trong khi d6 mot goi duoc xac dinh thi co
thé & tai mot phan chinh cia gai, bai vi tén caa chiing ¢ sy rang budc.

9.3 Desing File (thiét ké tap tin):

Thiét ké file ngudn cua VHDL Ia cac tap tin caa ASCII, n6 c6 thé bao gom mot hodc nhiéu doan thiét ké, khi
mot doan thiét ké s& c6 cac phan sau:

e Entity declartion (xac dinh thuc thé)

e Architecture body (phan chinh cua kién tric)

e Configuration declartion (xac dinh mé hinh sap xép)

e Package declartion (xac dinh goi)

e Package body (phan chinh cua goi)
Trong phan 9.1 trinh bay sw bién dich st Iy. T4p tin thiét ké dya vao phan tich VHDL, sau khi ct phap va
phét biéu cua tap tin nguon, no sé dai dién cho viéc bién dich cho moi tap tin thiét ké trong tap tin dua vao.
MGi Inter khung théng tin nhap vao kho thong tin trong mot thu vién tao mau, ching c6 duoc thiét ké va lam
viéc tai thu vién.

9.4 Desing Libraries (thiét ké thu vién):

Bién soan thiét ké thdng tin c6 sdn & trong thiét ké, thiét ké thu vién. M6t thu vién c6 san 1a c6 mét ving
thdng tin c6 san cua hg thdng cua . Theo hudng chi tao caa ng thdng tin nay khdng bit budc phai dinh nghia
bai ngdn ngit. Trong mét su sap xép cia hé thdng khi ma thiét ké thu vién ¢ hé thong tap tin thu muc va cé
thé tham khao nhitng doan thiét ké la nhitng théng tin c6 san cua c4c tap tin trong thu muc nay, phan quan Iy
chinh cua thiét ké thu vién khong dwoc rd rang boi ngdn ngir va lap lai & xac dinh viéc thi hanh lai cac lénh.
S6 cua thur vién thiét ké c6 toan quyén quyét dinh, mai thu vién thiét ké c6 1 tén logic né twong trung cho
mot VHDL. Su két hop tén logic véi tén vat ly duoc duy tri trong mdi trueong chinh. C6 mot thu vien thiét ké
v6i tén logic 1a STD. Thu vién nay bao gom bién soan miéu ta trong hai g6i STANR va TEXTIO. Mot thur
vién ké tiép d6 1a thu vién c6 tén logic 1a WORK. Khi 1 tap tin thiét ké duoc dich thi n6 sé& ty dua vao trong
thu vién WORK. Boi vay truge khi bién dich, tén logic cia WORK chi dén mét thu vién thiét ké. (xem hinh
9.1)

Thu vién khac nita goi 1a IEEE. Thu vién nay bao gom géi STD_LOGIC_1164 véi d6 rd rang vé kiéu logic
va su két hop voi cac ham khac. Mot goi tén chua nira cua IEEE la IEEE std 1164-1993. VHDL ngudn c6



mit trong maot tap tin thiét k& Mot tap tin thiét ké cd thé bao gom mét hoac nhiéu loai thiét ké. Bai thiét ké 1a
su thém vao cua cac 16p duoc trinh bay nhu sau:

1. Primary unit (mét tiéu chuan chinh): Nhitng céi nay khong cé kha nang dé truc tiép dén cac doan thiét ké
khao chtng la:

a. Entity declartion (khai bao thyc thé): Khai bédo cac muc trong mét thuc thé I1a sw ngam dinh va cd thé ndi
két bén trong kién trdc chinh,

b. Package declartion (khai bao g6i): khai bao cac muc voi mot khai bao gi c6 thé dua ra cac bai thiét ké
khéc dé sir dung thu vién va sir dung cac ménh dé. Khai bao cac muc bén trong mét khai béo géi ciing la
ngam dinh twong &ng véi phan chinh goi.

c. Configuration declartions (khai bao dinh ng)

2. Seconry units (nhitng phan thir yéu): nhitng phan nay khong thé bo qua duoc caa nhitng phan chinh.
Nhitng phan thiét ké khéng bo qua duoc viéc khai bao cac muc phia trong ching dé dua ra ngoai phan thiét
ké, nhitng phan nay khang thé tham khao trong nhitng phan thiét ké khac.

Nhitng phan thtr yéu la:

a. Architecture bodies: Khai bao mat tin hiéu trong phan chinh cua kién triic khdng thé tham khao trong
nhitng phan thiét ké khéc.

b. Package bodies (cac phan chinh g6i): Mot phan thir yéu cé thé dang (chinh xac) cho mét tén trong thur
vién. Céc phan thir yéu c6 thé két hop véi nhitng phan cha yéu khac cé nhitng tén dung nhu tén trong thu
vién. Nhu vay, phan thir yéu c6 thé dugc phép giong vé tén dé két hop phan chu yéu. Nhu trong vi du duoc
xét, cho rang goi mét thuc thé AND_GATE c6 thé tring tén trong thu vién. Véi phan chinh caa kién tric thi
né c6 phép giong nhu tén, va khac thuc thé MY_GATE vi vay trong thu vién thiét ké phan chinh caa kién
trdc duoc phép cd tén AND_GATE.

Nhitng phan thir yéu dugc phép cling ton tai véi nhitng phan chu yéu trong thu vién, vi du chu khai bao thuc
thé va tat ca phan chinh kién trdc cua né dugc thuong trd trong thu vién.

Tuong tu, khai bao mat géi va phan chinh goi duoc phép két hop thuong tri trong mot thu vién doc lap.

Kai bao dinh ng la mot phan chua yéu, nd thuong trd trong thu vién 1 dinh ng khai bao thyc thé.

9.5 Order of Analysis (phan tich sy dung dn):

Tir d6 n6 c6 thé dua dén khai bao cac muc trong nhitng phan chinh toi nhiing thiét ké khac, phai bat budc su

ké tiép nhau trong muc thiét ké, mot thiét ké tham khao dén viéc khai béo cac muc trong phan chinh khéc, c¢6
thé dwoc phan tich sau phan chii yéu. O vi du, néu viéc khai bao dinh ng tham khao mét thuc thé COUNTER,
khai béao thyc thé véi COUNTER duoc phan tich sau khai béo dinh ng.

Mot phan cha yéu dugc phan tich sau nhiéu cai sy két hop nhirng phan thir yéu. Vi du khai bao thyuc thé dugc
phan tich sau cac phan chinh kién tric.

9.6 Implicit Visibility (trang thai ngam dinh):

Mot phan chinh caa kién tric tiép nhan khanang ngam dinh cua tat ca khai bao trong thyc thé, tir d6 n6 giéi
han céc thuc thé d6 boi cac cau lénh.
architecture architecture-name of entity-name is ...
Tuong tu, phan chinh géi tiép nhan sy ngam dinh & trong khai bao goi bai vi phét trién dau tién caa no la:
package body package-name is ...
Khi tén g6i giong nhu trong khai béo goi.

9.7 Explicit Visibility (trang thai chi tiét):

Trang thai chi tiét hoa, khai bao cac muc trong cac phan thiét ké khac, phan mém duoc sir dung trong ménh
dé sau.

1. Library clause

2. Use clause

Str dung cac ménh dé co thé xudt hién trong nhiéu khai béo bo phan cia mot thiét ké. Néu la mot thu vién
ménh dé hoic sir dung ménh dé tai diém bat dau caa phan thiét ké, né goi ménh dé ngit canh. Hinh 9.2 trinh
bay mét vi du. Xac dinh cac muc trong ménh dé ngir canh thuong nhan thiy mét bai thiét ké, chiing c6 thé hd
trg toi ménh dé ngir canh, cac phan nay khdng nhan thdy dugc nhitng doan thiét ké cha yéu (chinh), ching cé



thé bién ng gidng nhu mat tap tin thiét ké (desing file). Biéu mudn ndi & day la néu mot tap tin thiét ké bao
gom 3 phan thiét ké chinh, dwoc trinh bay trong hinh 9.3, ménh d& ngir canh duoc xac dinh bai méi phan thiét
ké néu can. Vi du ménh d& ngir canh dugc xac dinh trudc phan thiét ké A co thé nhan thiy dwoc phan thiét ké
A, ménh dé ngir canh duoc xac dinh sau phan thiét ké B c6 thé nhan thiy dugc phan B.
9.7.1 Library Clause:
Thu vién cac ménh dé tao ra sy nhan biét cac tén logic cua thu vién, co thé tham khao phia trong mét phan
thiét ké. ng cia mot ménh dé trong thu vién 1a:

library list-of-logical-library-names ;

Ménh dé cua thu vién

library TTL, CMOS;
Tao ra tén logic TTL va CMOS c6 thé nhan thay duoc trong mot phan thiét ké. Chi y cac phan caa ménh dé
thu vién khdng tao ra nhitng doan thiét ké hozc cac muc d6 c6 mat trong thu vién, né thuong thiét lap (tao)
tén thu vién deé nhan biét (n6 giéng nhu mot khai bao thay thé cho tén thu vién). Vi du: muén sir dung tén
‘TTL.SYNTH_PACK.MVL’ phia trong mét phan thiét ké khai bao dau khdng thé hi¢n tén thu vién sir dung
ménh dé “library TTL”

Ménh dé thu vién

library STD, WORK;

Khai béo thuong la dugc ngam dinh trong phan thiét ké.

9.7.2 USE Clause (st dung ménh d8):
C6 2 hinh thtc chinh sir dung ménh dé:

use library-name.primary unit-name ; --hinh thac 1

use library-name.primary unit-name. item; --hinh thac 2
Hinh thirc dau cia str dung ménh dé xac dinh tén cta phan cha yéu (chinh) tir thur vién tgi viéc tham khao
trong md ta mot thiét ké. Xét vi du:

library CMQOS;

use CMOS.NOR2

configuration . . . is

... use entity NOR2 (.. .);

end;
Chl y: thyc thé NOR2 dugc phép c6 sin trong thu vién trude khi thir bién dich mat phan thiét ké sir dung.
Hinh thtrc 2 ciia str dung ménh dé c6 thé nhan thay duoc khai bao cac thanh phan chinh. Do vay thanh phan
d6 c6 the, tham khao phia bén trong cua phan thiét ké. Vi du:

library ATTLIB

use ATTLIB.SYNTH_PACK.MVL;

--MVL is a type declared in SYNTH_PACK package.

--The package SYNTH_PACK is stored in the ATTLIB desing library.

entity NAND2 is

port (A, B:inMVL;..)) ...
Néu tat ca cac thanh phan ¢ phia trong mét phan chinh thi c6 thé dung khéa all dé sir dung. Vi du:
use ATTLIB.SYNTH_PACK all;

Thiét lap khao béo tat ca cac thanh phan & g6i SYNTH_PACK trong thu vién ATTLIB. Sir dung ménh d¢

use ATTLIB.all
Thiét lap tat ca cac tén cia mot phan chinh c6 mat trong thu vién ATTLIB
Trang théai bén ngoai cua cac thanh phan tgi mot doan thiét ké cd thé nhan dugc bai mot mong mudn tét hon.
Mot phuong phép 1 st dung chon tén.
Mot vi du stir dung chon tén la:

library ATTLIB,;

use ATTLIB.SYNTH_PACK;

entity NOR2 is

port (A,B: in SYNTH_PACK.MVL; .. ) . ..



Vay chi c6 tén caa phan chinh 1a thiét 1ap su nhan biét dwoc sir dung cac ménh dé, tén caa phan chinh duoc
phép st dung lién tiép (doc theo) ton tai tén kiéu tham khao, d6 1a SYNTH_PACK.MVL duoc xac dinh.Vi du
khac sé& trinh bay phan tiép theo.
Kiéu Value_9 1a duoc dinh nghia trong g6i SIMPACK khi ma bién dich tong thu vién CMOS.

library CMOS

package P1 is

procedure LOAD (A, B: CMOS.SIMPACK.VALUE _9; .. .);

end P1;
Trong trudng hop nay, tén phan chinh SIMPACK chi dugc xé4c dinh duy nhat mot thoi gian st dung.
Do vay, chiing TABLE c6 thé dua ra cac thanh phan ap dung céc thu vién. Néu can thiét dua ra cac loai thanh
phan thiét ké chung gidng nhu trong thur vién ?
Trong truong hop ching khdng can tai viéc xac dinh mot ménh dé thu vién khi d6 thuong 1a mot doan thiét
ké ma n6 dugc khai bao ngam dinh trong ménh dé thu vién.

library STD,WORK;
Tuong tu thu vién STD bao gdom céc goi STANRD va TEXTIO. G6i STANRD gom c6 cac khai bao trén cho
cac kiecu CHARACTER, BOOLEAN, BIT_VECTOR va INTEGER. St dung cic ménh dé khai bao ngam
dinh.

use STD.STANRD.all;
Tat ca cac thanh phan khai béo phia trong g6i TANRD la c6 sin dé sir dung trong cau triic cia VHDL, tuong
tu nhu vay ddi véi g6i TEXTIO. Néu khai béo cac thanh phan trong goi nay can tham khao dén sir dung
ménh dé hinh thuc sir dung la:

use STD.TEXTIO.all;

PHAaN II1I:

VIET CHUONG TRINH THIET KE MACH CONG 8 BIT
SONG SONG BCD CO HAI TOAN HANG

I/ GIOI THIEU CHUNG :
-Trong may tinh nhirng phep tinh va may tinh thuong sir dung md BCD biéu dién sb thap phan,
mdi sb thap phan thuong biéu dién cho no bai 1 group 4 bit thir tw tir 0000 dén 1001.Viéc cong sd
thap phan d6 dugc biéu dién trong cac truong hop sau:

*Téng lon hon hoic bang 9:
Khicong 2 s6 5va 4 co milasdé BCD :



5 0110 ma BCD cua 5
+4 0100 ma BCD cua 4

9 1001 ma BCD cua 9

Vidu : tacong 33 véi 45

45 0100 0101 <BCD for 45
+33 0011 0011 <BCD for 33

78 0111 1000 < BCD for 78

Trong vi du ndy 4 bit cia 5 va 3 thicong két qua ra nhu cong nhi phan BCD caa 1000 la
8,tuong tu ma BCD cua 7 1a 0111,tdng cong két qua 12 0111 1000,ma két qua dé 1a sb BCD for
code 78

*Tong lon hon 9: Vidu: cong 7 va 6

7 0110 < BCD for7

+6 0111 < BCDfor6
13 1101 sai két qua caa group BCD nay
Téng 1101 khong ton tai trong ma cua BCD ,n6 thi phai duoc sita sai theo qui tic sau:

0110 < BCD for6
+0111 <BCD for 7
1101  két qua sai
0110 < -sira sai cong thém 6
0001 0110 «BCD for 13
1 3
Nhu d4 biéu dién trén ,0110 duoc cong dé stra sai cho két qua ding BCD.Chu y : két qua
nhé cua vi tri s6 thap phan thi 2 .
Vi du khac:

47 01000111 BCD for 47

+35 0011 0101 BCD for 35

82 0111 1100 sai két qua

sé nhé khisita 1 0110 cong thém 6
1000 0010 tbng ding BCD

8 2
Khi cong 4 bit cia 7 va 5 két qua téng sai va khi sira sai ta cong thém 6 (0110) .Khi d6 nhé
rala 1l makhi a6 két qua nhé d6 dwegc cong vao sé BCD caa vi tri sé thap phan thi 2.
Thi du nhu:
1 sb6 nhé khi cong ra két qua ban dau dem Ién
59 0100 1001 < BCD for 59

+38 0011 1000 _€BCD for 38
97 1001 0001
0110 cgng sira sai cong thém 6
1001 0111 BCD for 97

9 7



11/ NGUYEN LY CONG 2 SO BCD 8 bit :

-Khi tdng nhé hon 9 thi ta lay két qua la két qua céng ban diu

-Khi téng I6n hon 9 ta lay két qua ban dau cong thém “0110”(6) dé sira sai

-Va két qua c6 nhé sé dwgc dwa vao group dau cdng ra két qua cia group dau.

-Sau cung la két qua chung ghép cia 2 group lai véi nhau dé ra 1group 8bit bed
-Co mét treong hop khéc la sau khi cgng sira sai xong ta méi cd nhé thi ta dem [én
cong tat ca cac hang do lai véi nhau két qua ra dwa group dau tién

111 /LUU PO CUA CHUONG TRINH :{mach céng 8 bit song song BCD cho 2 toan hang }

IV /CHUONG TRINH :
Chwong trinh thé hién qua hai phan mém 1 cho Leonardo thé hién dang md phéng mach ban
diu,1 cho Max+plus2,trong d6 Max+plus2 cho két qua ra dang séng d co kiém tra két qua
dang s6ng dung théng qua cac mach nhw sau:

Mach d& mo phéng theo Leonardo:

Mach da test theo max+plus2
Phan chwong trinh:Co6 2 céch viét
Céch 1: theo kiéu behaviour(hanh vi)
package thu is {package nay dung chung cho 2 cach Behaviour va structure}
type myinteger is range 1 to 3;
function add (A,B : bit_vector(3 downto 0);cin : bit) return bit_vector;
end thu;
package body thu is
function add (A,B :bit_vector(3 downto 0);cin :bit) return bit_vector is
variable R: bit_vector(4 downto 0);
variable C : bit_vector(3 downto 0);
begin
R(0) := A(0) xor B(0) xor Cin;
C(0) := (A(0) and B(0)) or (A(0) and Cin) or (B(0) and Cin);
foriin1lto 3 LOOP
R(i) := A(i) xor B(i) xor C(i-1);
C(i) := ((A(i) xor B(i)) and C(i-1)) or (B(i) and A(i));
end LOOP;
R(4) := C(3);
return R;
end ;
end thu;

Sau khi si dung cdng cu soan thao —text- editor file va dich thanh céng ta c6 mach:



L axspius 1= cdoanvhanthu—— = TENIETE ST AT TG

Ma&x+pluz || Ele Processing Interfaces Aszsign  Option: Window  Help

Compiler Database Logic Timing

Metlist Builder Synthesizer Fitter SNF Assi

Extractor Extractor

MAx+plus Il - Compiler |
Froject compilation canceled
! 0 errors

0 ;
L 0 warhings

C Lo

Info: Compiling package "THU"
Info: File "c\doanvhdlithu.whd" does not contain an Architecture Body — stopping
compilation

library ieee;-- chwong trinh viét theo kiéu behaviour
use ieee.std_logic_1164.all;
library work;
use work.thu.all;
entity thu5 is
port (A,B,E,F: in bit_vector(3 downto 0);
Cin :bit;
C : out bit_vector(7 downto 0);
Cout : out bit);
end thus;
architecture data of thu5 is
signal outl,out2: bit ;
signal C1,C2: bit_vector(3 downto 0);
begin
P: process(A,B,Cin)
variable tam1,X: bit ;
variable tam: bit_vector(3 downto 0);
variable R,R1,R2,R3: bit_vector(4 downto 0) ;

begin
tam:="0110"";
outl <="'0";

R:=add(A,B,Cin);

X:=R(4) or (R(3) and (R(2) or R(1)));
if X="1"then

R1:=add(R(3 downto 0),tam,outl);
C1<=R1(3 downto 0);

out2<=R1(4) or R(4);

else



C1 <= R(3 downto 0);
out2 <= R(4);
end if;
R2:=add(E,F,out2);
X:=R2(4) or (R2(3) and (R2(2) or R2(1)));
if X="1"then
R3:=add(R2(3 downto 0),tam,outl);
C2<= R3(3 downto 0);
Cout<=R3(4) or R2(4);
else
C2<=R2(3 downto 0);
Cout<=R2(4);

end if;

C<=C2&C1,;

end process;

end data;

MAX+plus Il - c:\doanvhdI\thub B8 | 52| oA 2l | R o] | &

M&x+pluz Il Eile Processing  Interfaces  Assign Optons Window  Help
NEEE R EE R REEEEE B EEE

"-'?Eﬂmp“El g
Database Logic Timing
Builder Synthesizer Fitter SNF
Extractor
R
T i3

_
Project compilation was successful
0 ermars
|: 1 warningz lop
L8l Messages - Compiler

Info: Selecting a device fr 'thub'
Info: Chip "thub' successfully fit into AUTO device & 240-4'
Warning: Timing characteristics of device EPF10K20HCZ240-4 are preliminary

T
%

Compiler
Metlist
Extractor

0 MAX+plus Il - Compiler

Sau khi dich thanh céng ta dwa vao dang séng caa cac bién va nhap vao céac thong sé can thiét
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Save As

'" File Hame: thu5. scf
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Directory is: c:ddoanvhdl

Files:
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Directories:
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| b

(= ch

#= doanvhdl
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Automatic Extension:




5. Simulator: Timing Simulation

Simulation Input: thub.scf
: Simulation Time: 0.0ns

| Start Time: [0.0ns End Time: [1.0us
: [MUse Device [T Oscillation |0.0ns
" SetupfHold _

0 S0 100
L 1

' Start Eause | stop | DpegSCFl

Pap s6 cia cac bién hay két qua kiém tra séng ra nhw hinh sau:

i MAX+pluz Il - c:\doanvhdlAthuS - [thub.scf - Waveform E ditorz I%IEIE.QIEIQIQI%

'ﬁ Méx+pluz I  File Edit “iew MNode Aszign Utltes Option: Window Help

[
aili0ns S900.0ns

@ 7 1
OF | S 0
Bl 5 0
o C 1
e o3 0
4

Wg-wcz 1
INV-WC1 1
%-wcn 1
E-ﬁCDut 1]

Cach 2:Chwong trinh viét theo kiéu Structure(port map):
package thu is
type myinteger is range 1 to 3;
function add (A,B : bit_vector(3 downto 0);cin : bit) return bit_vector;
end thu;
package body thu is
function add (A,B :bit_vector(3 downto 0);cin :bit) return bit_vector is



variable R: bit_vector(4 downto 0);
variable C : bit_vector(3 downto 0);

begin

end ;
end thu;

R(0) := A(0) xor B(0) xor Cin;

C(0) := (A(0) and B(0)) or (A(0) and Cin) or (B(0) and Cin);
foriin1lto3 LOOP

R(i) := A(i) xor B(i) xor C(i-1);

C(1) := ((A(i) xor B(i)) and C(i-1)) or (B(i) and A(i));

end LOOP;

R(4) := C(3);

return R;

(chuong trinh cong bed 4bit)

library ieee;

use ieee.std_logic_arith.all;

library work;
use work.thu.all;
entity bed is

port (A,B: in bit_vector(3 downto 0);
Cin :hit;
C : out bit_vector(3 downto 0);
Cout : out bit);

end bcd;

architecture data of bcd is
signal outl,out2: bit ;
signal C1,C2: bit_vector(3 downto 0);

begin

P: process(A,B,Cin)
variable tam1,X: bit ;
variable tam: bit_vector(3 downto 0);
variable R,R1,R2,R3: bit_vector(4 downto 0) ;

begin
tam:= "0110";
outl <="0"

R:=add(A,B,Cin);

X:=R(4) or (R(3) and (R(2) or R(1)));
if X="1"then

R1:= add(R(3 downto 0),tam,outl);
C<=R1(3 downto 0);

Cout<=R1(4) or R(4) ;

else

C <= R(3 downto 0);
Cout <= R(4);

end if;

end process;
end data;



(chwong tring cong BCD 2 group 4-> 8bit BCD)
entity tuan is
port(A,B,E,F:in bit_vector(3 downto 0);
Cin:bit;Cout:out bit;
C:out bit_vector(7 downto 0));
end ;
architecture detai of tuan is
signal C1,C2: bit_vector(3 downto 0);
signal tam: bit;
Component bcd
port (A,B: in bit_vector(3 downto 0);
Cin:bit;C:out bit_vector(3 downto 0);
Cout :out bit);
end component;
begin
11:bcd port map(A,B,Cin,C1,tam);
12:bcd port map(E,F,tam,C2,Cout);
C<=C2&C1;
end detai;
Phan Floor plan editor va thai gian tré ma tran input,output(delay matrix) cac ngd ra ciia cac
Cout,Cin va két qua ra CO>C7
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